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Abstract
The synthesis, structural characterization and reactivity of cryptand complexed 
tin(II) cations (43-46), as well as the reactivity of a cryptand complexed germanium 
dication 36, are examined in this thesis.
A series of tin(II) cations were synthesized by the addition of cryptand[2.2.2] to a 
solution of a tin(II) precursor (SnCU, S11I2 or Sn(OTf)2), resulting in the formation of 
43, 45 and 46, respectively. An alternative synthetic route for 45 and 46, and the 
primary route for 44, involved the addition of the appropriate trimethylsilyl reagent to a 
solution of cryptand[2.2.2] and SnC^ to perform a halide/pseudohalide exchange.
The reactivity of 36, 43 and 44 were examined as synthons for Ge(II) and Sn(II) 
compounds. Compound 36 was reacted with a variety of anionic and neutral reagents in 
the presence of known germylene trapping reagents: N-heterocyclic carbene, 2,3- 
dimethylbutadiene (DMB) and 3,5-di-tert-butyl ori/jo-quinone (3,5-D'BoQ). The 
addition of acetylacetone (acac), dibenzoylmethane and their conjugate bases to the 
cations 36, 43 or 46 was also studied in the absence of a trapping reagent. Anionic or 
neutral reagents with a low pKa (~9) are required to add to the germanium or tin. The 
NHC appeared to trap the germylene in good yield, whereas DMB did not give the 
predicted adduct.
Attempts to abstract the halide from 43, 44 and 45 as well as competition reactions 
between [(15-crown-5)2Sn][OTf]2 and 46 are also examined.
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Cationic Complexes of Group 14
1.1 General Introduction
Carbocations, first discovered in 1901, ’ are important intermediates in organic 
chemistry, particularly in a wide range of acid-catalyzed reactions. Carbon forms tricoordinate 
cations, R3C , referred to as carbénium ions where the carbon bears a positive charge. These 
cations are planar at the central carbon and have bond angles of 120° between the substituents. 
Based on these structural features, the carbon is sp -hydridized with a vacant 2p orbital on the 
carbon perpendicular to the R3C plane. The first stable carbocation was observed by Olah in the 
early 1960s by ]H and 13C NMR spectroscopy during his studies of the Friedel-Crafts reaction.4,5 
Common strategies employed to stabilize carbénium ions include the use of superacids as non- 
nucleophilic solvents, as well as the use of substituents that can provide stabilization through 
resonance and inductive effects.6
The study of heavier group 14 cations has received much less attention. In comparison 
with carbon, the synthesis of stable derivatives of heavier group 14 cationic species was expected 
to be more facile due to the reduced electronegativity, the increased size and polarizability of the 
heavier elements.7'11 This was indeed the case in the gas phase; Lappert and coworkers12 
observed trivalent cations of Si, Ge, Sn and Pb while studying the mass spectrometry of Me3E- 
E’Me3 (E,E’= Si-Pb). In contrast, the isolation of stable cations of the heavier elements in the 
condensed phase proved to be extremely difficult which can be attributed to a variety of factors. 
First, the larger atomic radii of the heavier group 14 elements, in comparison to carbon, makes
2
the central atom more difficult to protect sterically, and therefore, renders it more susceptible to 
nucleophilic attack by solvent and counterions. Second, the more diffuse valence orbitals on the 
heavier element results in decreased orbital overlap, and thus, stabilization by resonance, 
inductive and hyperconjugative effects is much less pronounced in substituted group 14 cations. 
Finally, organic ligands provide a destabilizing effect on the cationic centre due to the reduced 
electronegativity of the heavier group 14 elements.7'11
1.2 Tricoordinate Group 14 Cations
Attempts to synthesize heavier group 14 cations using the methods employed for the 
successful isolation of the carbenium ion proved to be inadequate. Based on the results of many 
failed attempts to synthesize stable derivatives of the heavier group 14 cations in the condensed 
phase, a set of criteria was developed for their preparation.7' 11 These criteria include the use of a 
solvent with low nucleophilicity but the ability to dissolve ions, counterions of low 
nucleophilicity and bulky substituents which can stabilize the electrophilic centre by hindering 
the approach of nucleophiles. Another strategy employed to stabilize the heavier group 14 
cations is the use of substituents containing donor atoms, which can provide electron density 
intramolecularly. Intermolecular stabilization by donors, such as solvents or anions, is also 
commonly used. The donors provide stabilization to the electron deficient group 14 centre by 
transferring electron density into the empty p-orbital. Depending on the strategy employed, 
cations can be tri-, tetra- or pentacoordinated (Chart 1.1), which differs from carbon as heavier 
group 14 atoms have the ability to increase their coordination number. Stabilization of the 
cationic centre is an important consequence of the donor interaction making tetra- and 
pentacoordinated cations more synthetically accessible.
3
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1.2.1 Free tricoordinate cations of Group 14
Heavy group 14 tricoordinate cations, analogous to carbenium ions, are referred to as 
“free” if the cationic group 14 atom has no significant interactions, meaning the adjacent atom is 
well beyond the sum of the van der Waals radii. Many stable group 14 cations have been 
isolated in the condensed phase, including [Et3Si(toluene)][B(C6F5)4] (1),13,14 
['Pr3Si][CBnH6Br6] (2),15,16 [Mes3Si][B(C6F5)4] (Mes = 2,4,6-trimethylphenyl),17
[Mes3Sn][B(C6F5)4],17 [Mes3Ge][B(C6F5)4]17 and [iBu3E(NCR)][B(C6F5)4] (E= Si, Ge, Sn).18 
Only 1, 2 and ['Bu3E(NCR)][B(C6F5)4] have been characterized by X-ray diffraction, which 
revealed an interaction with solvent (toluene) in 1, interaction with the counterion (bromide of 
the carborane) in 2, and interaction with the solvent (nitrile) in ['Bu3E(NCR)][B(C6F5)4] with the 
group 14 centre. X-ray structures of the aryl-substituted group 14 cations were not obtained, and 
thus, it was not possible to explicitly determine if the group 14 centre was completely free of 
interaction with solvent, anion or agostic interactions with C-H on the aryl substituents using the 
available spectroscopic data.
The first example of an isolated stable free heavy group 14 cation in the condensed phase 
that was structurally characterized using X-ray diffraction was reported by Lambert and 
coworkers in 2002.19 The silyl cation, [Mes3Si][CBnMesBr6] (3) was synthesized by 
electrophilic attack of Et3Si(HCBnMe5Br6) on a triarylallylsilane (Scheme 1.1). To synthesize 
the tricoordinate silicon cation, it was important to use a weakly coordinating carborane counter
4
anion and benzene as a non-nucleophilic solvent, as well as to use mesityl substituents to provide 
steric protection for the silicon centre. The X-ray data revealed a well-separated cation, anion 
and solvent molecule. There were no agostic interactions between the hydrogens of the ortho- 
methyl groups of the mesityl substituent and the silicon centre, as indicated by the Si-H distance 
which was outside the sum of van der Waals radii and by comparison of the internal bond angles 
in 3 and trimesitylallylsilane. Si NMR spectroscopy was very useful in determining the nature 
of the silylium ion. A resonance near 220 ppm is characteristic of a 29Si nucleus with significant 
cationic character.20,21 The solid state 29Si NMR chemical shift of 3 is 226.7 ppm as determined 
using magic angle spinning (MAS) methods; the solution 29Si NMR spectrum of 3 revealed a 
signal at 225.5 ppm in benzene. The close agreement between the chemical shifts observed in 
the solid and solution state indicates no solvent interaction with the silicon cation. The 
calculated Si NMR chemical shift of 3 lies between 226 and 230 ppm, depending on the 
computational method used. ’ The agreement between the calculated and experimental values 
complements the crystallographic data, giving confidence that the silicon atom in 3 is indeed free 
of coordination from the solvent or counterion.
Mes
M e s -S i— v. + Et3Si(HCB11M e5Br6) 
Mes |j






S chem e 1.1
With the discovery of the fully ionized silicon cation 3, other group 14 tricoordinate 
cations were synthesized using similar strategies. [('Bu2MeSi)3Ge][B(C6F5)4] (4 )22 and [(2,6- 
(0'Bu)2C6H3)3Ge] [Al(OC(CF3)3)4] (5)23 were synthesized and characterized by X-ray diffraction 
(Chart 1.2). Unfortunately, unlike the silicon analogue where the nucleus of interest can be
5
directly probed by NMR spectroscopy, Ge NMR spectroscopy is less developed due to the low 
natural abundance, spin I = 9/2, large quadrupolar moment, and an extremely low gyromagnetic 
ratio of -0.936 x 107 radT'1 s '1, all of which contribute to the low sensitivity of the nucleus 
making it difficult to study. Like the silicon analogue, the germanium cations, 4 and 5, rely on 
bulky substituents for steric protection, weakly coordinating anions and non-nucleophilic 
solvents. The silyl and alkoxy-substituted aryl substituents provide additional electronic 
stabilization.








Cyclopropenium analogues of silyl (6) and germyl (7) cations have been reported (Chart 
1.3).24’25 These interesting systems are unique in that they utilize the two-electron aromatic 
system to provide charge delocalization over all three silicon or germanium centres. X-ray data 
confirmed the existence of an aromatic system as evidenced by the equal bond distances between 
the three silicon or germanium atoms, forming an equalilateral triangle. Furthermore, the silyl 
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Prior to the first report of a free silylium ion, 3, the synthesis and characterization of 
several tin cations were reported including [Mes3Sn][B(C6F5)4],17 [Dur3Sn][B(C6F5)4] (Dur = 
duryl= 2,3,5,6-tetramethylphenyl),26 and [Ph(Tipp)2Sn] [B(C6F5)4] (Tipp = 2,4,6-
triisopropylphenyl).17 Although the compounds were characterized by 119Sn NMR spectroscopy, 
no crystallographic data were obtained. At the time of their synthesis, there were no reliable 
computational methods for the calculation of ll9Sn chemical shifts; one had to rely on empirical 
correlations between 29Si and 119Sn chemical shifts. If the correlation is strictly linear, the 119Sn 
chemical shift for a triarylstannylium ion was predicted to be about 1100 ppm.27 The 119Sn 
chemical shifts for [Mes3Sn][B(C6F5)4],17 [Dur3Sn][B(C6F5)4],26 and [Ph(Tipp)2Sn][B(C6F5)4]26 
were 806, 720, and 697 ppm, respectively, with 806 ppm being the most downfield chemical
• toshift recorded. Without crystallographic data, the NMR spectral data alone were inconclusive.
In 2003, shortly after the discovery of the free silylium ion (3), Lambert and coworkers 
reported the preparation, NMR characterization and first X-ray structure of a tricoordinate 
stannylium ion, [Tipp3Sn][B(C6F5)4] (8), that was completely free of coordination with solvent 
and anion.29 The synthesis of 8 proved to be more difficult than the silicon analogue. The 
difficulty was attributed to the greater length of the tin-carbon bond rendering the electrophilic 
centre more susceptible to nucleophilic attack. The observed 119Sn chemical shift of 8 in solution 
was 714 ppm, less than the predicted 1100 ppm.27 High-level calculations, now available, 
revealed a value of 763 ppm for the n9Sn chemical shift of Mes3Sn+ in the gas phase; Lambert 
concluded that the experimental chemical shift was in accord with a free tricoordinate 
stannylium ion. Thus, the upper limit for the 119Sn chemical shift of triarylstannylium ions was 
determined to be 700-800 ppm rather than the previous value of 1100 ppm. This suggests that 
the previously studied stannylium derivatives, [Mes3Sn][B(C6F5)4],17 [Dur3Sn][B(C6F5)4],26 and
7
[Ph(Tipp)2Sn][B(C6F5)4],26 were also free of coordination from solvent and counterions; 
calculations by Bagno and coworkers30 later confirmed this conclusion, making 119Sn NMR 
spectroscopy a valuable diagnostic tool for assessing the nature of cationic tin centres.28
1.2.2 Hypercoordinated E(IV) Cations
There are numerous examples of hypercoordinated group 14 centred cations, where the 
electron deficient group 14 centre interacts with solvent, counteranions or a donor. For example, 
the silicon centre in [Et3Si(toluene)][B(C6F5)4] ( l)13'14 interacts with the solvent and the silicon 
centre in ['Pr3Si][CBnH6Br6] (2)15’16 interacts with a halogen atom of the counterion. Clearly, 
the intermolecular donor complexation contributes to the stabilization of the cation.
Hypercoordinated E(IV) cations that contain pendant donor atoms that interact with the 
group 14 centre intramolecularly have also been reported. The donor atom is, most commonly, 
nitrogen; however, conjugated carbon-carbon bonds have also been shown to stabilize the 
electron deficient centres. The ligands may be mono- (Chart 1.4)31'34 or bidentate (Chart 1.5).35-37
8
R = (methylaminomethyl)-m-xylyl 
or Tipp
R = 9-oxophenalenone 
E = Si, Ge
Chart 1.4
E = Si-Pb 
R = Me, Et or nBu
The advantage of hypercoordinated cations is that the substituents on the cationic centre do not
have to be as bulky as those used to enable isolation of free incoordinate cations. These cations
could potentially increase the reactivity and synthetic utility of the cation as the smaller
substituents may make the group 14 centre more accessible to a nucleophile.
[B(C6F5)4] [oTf] [X]NMe2
6, /
0 - Er ph
NMe2
E = Si-Pb D = NM e2, OMe, SMe
Chart 1.5
E = Ge or Sn 
X = Cl or [B(C6F5)4]
1.3 Low Valent Cations of Group 14
Group 14 compounds in the +2 oxidation state are less prevalent than +4 compounds. 
The heavier elements, Ge, Sn and Pb, are increasingly more stable in the +2 oxidation state in
9
comparison to the lighter elements, C and Si. For this reason, it is expected to be more difficult 
to prepare stable complexes of Si(EI) and C(II) cations. Although there has not been any reported 
carbon(II) cations, low valent cations of all other heavier elements of group 14 have been 
isolated. There are two possibilities for a cationic species of E(II) (E = Si, Ge, Sn, Pb), including 
a monocation and a dication (Chart 1.6). Although a free dicationic species without donor 
stabilization seems impossible, a free monocationic complex might be accessible. To date, there 
are no reported examples of free E(II) cations; however, there are several examples of donor
0O 
R - E  :
<?0
® E  O
<?0"
2+
E = Si, Ge, Sn, Pb 
Chart 1.6
stabilized mono- and dications. E(II) cations are stabilized by three types of donor atoms: 
carbon, nitrogen, and oxygen.
1.3.1 E(II) Cations Stabilized by Carbon Donors
The use of the cyclopentadienyl ligand, routinely employed in transition metal chemistry, 
has been extended to low valent cations of group 14 to give a monocationic half sandwich 
complex, Cp*E+ (E = Si-Pb; Cp*= MesCs) (Chart 1.7). There are no reports of cations of this 
type with an unsubstituted cyclopentadienyl ring; only alkyl-substituted cyclopentadienyl 
complexes have been reported.38'42 The group 14 cationic centre interacts in a rj5 fashion with 
the aromatic Cp* ring, suggesting that 7T-complexation is an effective means to stabilize the 
reactive cations. The heavier analogues (E= Ge, Sn and Pb) were synthesized by reaction of the 
bis(cyclopentadienyl) complex, Cp*2E, with HBF4 or triflic acid. These stable analogues were
10
reported in the late 1980s for tin and lead and 1998 for germanium; the silicon analogue proved 
to be more difficult to isolate. The first reported Si(II) cation, [(Me5C5)Si][B(CôF5)4] (9) was 
isolated in 2004. Complex 9 was synthesized from Cp*2Si and [Me5C5H2][B(C6F5)4] resulting in 













9 E= Si, X =B (C 6F5)4 10 E= Sn, X=X'= AICI4
11 E= G e X=CI X'= AI4O2C I10
Chart 1.7
Ge.
' V 'R  
' R
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The [2.2.2]paracyclophane ligand has been useful for the synthesis of 7T-complexes of 
main group p block cations, including group 13 (Ga, In, Tl), group 14 (Ge, Sn, Pb) and group 15 
(As, Sb, Bi). GeCl2 or SnCl2 was reacted with [2.2.2]paracyclophane in the presence of AICI3 
(Chart 1.7).43 The reaction with tin dichloride resulted in the formation of the complex 
[((C24H24)Sn)(AlCl4)][AlCl4] (10). The tin is located within the cavity of the paracyclophane 
ligand, although it is slightly displaced from the centre due to contact with the 
tetrachloroaluminate anion, A1C14‘, through one chloride. The other anion is not within bonding 
distance. For germanium, the reaction was much slower and, upon crystallization, there was 
unavoidable diffusion of water into the solution, resulting in the formation of 
[(C24H24)GeCl]2(Al40 2Clio) (11). The germanium cations are structurally equivalent with a 
covalently bound chloride at a distance of 2.224 A. The germanium environment is best 
described as tetrahedral, with three vertices on the germanium centre corresponding to the
11
centroids of the aromatic rings of the cyclophane and the forth vertex to the chloride. The 
distances between germanium and the centre of the arene rings (2.797, 2.722, 2.715 A) are 
slightly longer than those in the tin analogue (2.632, 2.666, 2.534 A). The difference suggests 
that the tin cation is more strongly coordinated to the cyclophane ligand, compared to the 
germanium cation which has a covalently bound chloride.
One other example which includes a carbon donor atom has been reported. N- 
heterocyclic carbenes have been used extensively in the stabilization of electron deficient 
reactive intermediates through the donation of electron density from the carbene centre into an 
empty orbital on the electron deficient atom. The addition of carbene 12 (Chart 1.7) to a solution 
of GeCb dioxane resulted in the formation of NHC-GeCk. Displacement of the chloride ligands 
for iodide was successfully performed using trimethylsilyl iodide to give NHC-Gel2. The 
addition of excess carbene 12 to NHC-Ge^ resulted in the formation of the germanium(II) 
dicationic complex, [R3Ge][I]2 (R = NHC) (13) (Chart 1.7).44 The X-ray structure reveals a 
pyramidal C3 propellar environment around the germanium atom consistent with an AX3E 
configuration. The Ge-C bonds are slightly longer than the average Ge-C single bond (range of 
1.90-2.05 A). The iodides show no significant bonding interactions with the germanium centre; 
the closest approach is 5.96 A. Even though iodide is considered a nucleophilic anion, the 
carbenes provide steric protection for the germanium centre, inhibiting reaction with the iodide 
counterion. Compound 13 illustrates the use of carbon as a a, rather than a 7r donor.
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1.3.2 E(II) Stabilized by Nitrogen Donors
Nitrogen-based ligands have been widely used to stabilize cationic complexes of Si-Pb. 
The versatile tri(pyrazolyl)borate anion (14) and the isoelectronic neutral 
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The tris(pyrazoyl) ligands have the potential to be mono-, bi- or tridentate. Compound 15 reacts 
with Sn(OTf)2 forming a dicationic complex in which the ligand is tridentate, [(HC(3,5- 
Me2pz)3)Sn][OTf]2 (16) (Chart 1.8). Upon reaction of this complex with the anionic borate 
ligand (14), displacement of 15 occurs resulting in the formation of [(HB(pz)3)Sn][OTf], 
Pb(acac)2 (acac= acetylacetonate) is protonated with HBF4'Et20 generating a soluble Pb ion 
source that reacts with 15 to give an analogous complex, [(HC(3,5-Me2pz)3)Pb][BF4]2 (17) 
(Chart 1.8). When 14 is added, the lead cation reacts in the same manner as the tin complex, 
resulting in the formation of the substitution product. The reaction of the complexes with the 
isoelectronic borane ligand (14) demonstrates that the neutral methane ligand (15) does not bind 
as strongly as the anionic borane ligand, which was attributed to the charge difference of the 
pyrazolyl ligands.
/3-diketiminates (nacnac) have been successfully used to stabilize low valent cations of 
group 14. One of the most prominent example is the low valent, two coordinate silicon cations 
19 and 20.46 Starting with silylene 18, tris(pentafluorophenyl)boron was added at ambient 
temperatures to afford a zwitterionic adduct 19 (Scheme 1.2). The B(CsF5)3 group was added to 
the exocyclic alkene, resulting in the elongation of the C-C bond of the exocyclic alkene and a 
shortening of the C-C and single C-N bond within the core of the backbone, compared to 18, 
suggesting the presence of a planar six-membered SiC3N2 ring with strongly conjugated tt bonds. 
Alternatively, protonation of silylene 18 using the Bransted acid [H(OEt2)2][B(C6F5)4] resulted in 
the formation of the silyliumylidene ion 20 (Scheme 1.2). Compound 20 was identified as a 
separated ion pair based on the long Si-F distances (shortest distance= 4.29 A). The SiC3N2 ring 
structure was similar to that of 19, once again indicating a conjugated system. The 'H chemical 
shifts of the y-CH proton of the SiC3N2 ring (6.92 ppm for 20 and 6.79 ppm for 19) are also 
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Both silyliumylidenes, 19 and 20, were characterized using 29Si NMR spectroscopy. 
Although one would expect the Si NMR chemical shift of 19 and 20 to be more downfield than 
18 (88.4 ppm) due to the assumed increase in Lewis acidity, the chemical shifts (40.5 ppm for 19 
and 63.9 ppm for 20) were more shielded. The shielding was attributed to the presence a 
stronger p^p^ donor-acceptor interaction of the silicon atom with the 7r-electron system of the 
six-membered SiCsN2 ring. The 29Si chemical shifts for 19 and 20, are significantly downfield in 
comparison to the 29Si NMR chemical shift of 9 (-400.2 ppm). The dramatic difference between 
the chemical shifts of the /3-diketiminate silicon cations and the Cp* stabilized silicon cation was 
attributed to the higher coordination of the silicon in 9 compared to 19 and 20.
A cationic germanium complex, [Ge(Dipp2nacnac)][HO(B(C6Fs)3)2] (21), has also been 
synthesized using /3-diketiminate ligands (Chart 1.9).47 The structure of this complex consists of 
a separated ion pair, as determined by X-ray crystallography. Similar to complexes 19 and 20, 
the GeC3N2 array is essentially planar indicating delocalization of 7T-electrons within the ring. 
The Ge-N distances are slightly longer than single bonds, which is attributed to the partial dative 
character between the germanium and the /3-diketiminate ligand.
Cationic complexes of germanium(II) and tin(II) with aminotroponiminate (ATI) have 
also been synthesized, demonstrating the general utility of nitrogen donating ligands. The 
complexes, [('Pr)2ATI]E+ (E= Ge (22) or Sn (23)) (Chart 1.9), were accessed by silver salt 
metathesis reactions using silver triflate to abstract the chloride ligand from [('Pr)2ATI]ECl
(24),48,49 or by reacting 24 with (^-CsFyZrCE .49,50 Similar to the nacnac complexes, the charge 
is delocalized over the molecule rather than localized on the group 14 atom. In comparison to 
the starting halides (24), the spectroscopic data of 22 or 23 ('H and 13C NMR spectroscopy and 
X-ray data) does not vary substantially, indicating that the 10 ir-electrons of the C7N2E (E= Ge,
15
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Anionic l,l-bis[(4S)-4-phenyl-l,3-oxazolin-2-yl]ethane have also be employed to 
stabilize a germanium(II) cation (25) (Chart 1.9).51 Enantiomeric Lewis base complexes can be 
formed via the THF complex, 25. The THF complex is readily prepared by abstraction o f 
chloride from the neutral chlorogermylene in THF using Ag(SbF6). The weakly coordinated THF 
can then be substituted by other Lewis bases, such as PMe2Ph or pyridine. The length of the Ge- 
N bond lengths of the adducts correlates with the donor ability of the Lewis bases.
Heavy group 14 N-heterocyclic carbenes have been isolated and could act as precursors 
for group 14 cations. An N-heterocyclic germylene (26) was protonated using either 
diethyloxonium tetrakispentafluorophenylborate in diethyl ether or [Et3SiC6H6][B(C6F5)4] in 
benzene to give a cationic complex (27a and 27, respectively) (Scheme 1.3).53 In comparison 
with the nacnac complexes, delocalization of electron density over the ligand framework is no 
longer possible. In cation 27, there is one covalent Ge-N bond and a coordinated Ge-N bond 
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The previously mentioned cations provide a reliable and relatively easy synthetic route to 
group 14 cations in the +2 oxidation state. However, due to the increase in the coordination 
number about the group 14 atom as a result of stabilization by t- and o-donation into an empty p 
orbital, the synthesis of free E(II) monocation (Chart 1.6) has not been achieved.
1.3.3 E(II) Cations Stabilized by Oxygen Donors in Macrocycles
The previous examples of low valent cations of group 14 all have one thing in common; 
they utilize a donating ligand to occupy one or two of the otherwise vacant coordination sites on 
the electron deficient group 14 atom. Instead of providing stabilization through one or two 
strong donors, there are a class ligands that are capable of stabilizing the electron deficient group
14 atom through a series of weak interactions, namely, polyether macrocycles.54 Crown ethers, 
two dimensional polyether rings, and cryptands, bicyclic macromolecular polyether cages, are 
well known to encapsulate metallic cations; for example, complexation of a potassium ion by 18- 
crown-6 or cryptand[2.2.2].55 The metallic ions are weakly coordinated through the oxygen 
and/or nitrogen donor atoms inhibiting them from interaction with other molecules.55 Such 
macrocycles can also complex with electron deficient and highly reactive atoms of group 13 and
15 forming cations, examples include [AlMe2(18-crown-6)][AlMe2Cl2],56 [Gal2(18-crown-
6)][Gal4],57 [InI2(18-crown-6)][Inl4],57 [In(18-crown-6)][OTf],58 [In(dibenzo- 18-crown-
17
6)][OTf],58 [In( 15 -crown-5)2] [OT f] ,59 [SbCl(15-crown-5)][SbCl6]2,6° and [BiCl(18-crown- 
6)(CH3CN)2][SbCl6]260
Some group 14 analogues have also been successfully synthesized. The groups of 
Nicholson61,62 and Herber63,64 reported the preparation of crown ether complexes of tin(II) 
halides: a monocationic tin(II) centre associated with one molecule of 18-crown-6 (28) and a 
chloride ligand and a dicationic tin(II) centre sandwiched between two molecules of 15-crown-5
(29). In 2010, Macdonald and co-workers reported the synthesis of cationic tin(II) complexes 
with crown ethers of three different sizes (Scheme 1.4).65 The reaction of Sn(OTf)2 with 18- 
crown-6 resulted in the formation of a monocationic complex (30) in which the crown ether 
complexes the tin centre and a triflate remains covalently bound to tin, nearly normal to the plane 
of the crown ether. The tin centre weakly interacts with four of the six oxygen atoms of the 
crown ether. The solid state 119Sn NMR spectrum of 30 revealed a signal with an isotropic 
chemical shift o f -1578 ppm. The reaction between tin(II) triflate and 15-crown-5 resulted in the 
formation of a sandwich complex (31). Two signals were observed with isotropic shifts o f -1721 
and -1706 ppm in the solid state 119Sn NMR spectrum of 31, consistent with calculated values 
and the presence of more than one crystalline form of the salt. The reaction of 12-crown-4 with 
tin(II) triflate also results in the formation of a sandwich complex (32). The structure of 32 is 
best described as a tilted sandwich complex of the dication. Complex 32 has an isotropic ll9Sn 
chemical shift o f -1405 ppm, and a chemical shift anisotropy similar in magnitude to 30 and 31.
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Two examples of lead cations encapsulated by a cryptand have been reported: a mixed 
complex of aqua(cryptand[2.2.2])(perchloro-0)lead(II) (33) and diaqua(cryptand[2.2.2])lead(II) 
tris(perchlorate) (34) (Chart 1.10).66 In each of the two complex cations, the Pb2+ cation is 
coordinated by every heteroatom of the cryptand ligand and by two oxygen atoms either from 
water and the perchlorate anion or from two water molecules. 
Tris[(cryptand[2.2.2])(nitratoO,0’)lead(II)]pentakis(nitratoO,0’)lead(II) (35) has also been 
reported.67 The X-ray structure of 35 includes six independent complex cations 
[Pb(N03)(Cryptand[2.2.2])]+ (Chart 1.10) and two independent anions [Pb(N03)s]3'. The Pb2+ 
cation is located within the cavity of the cryptand and is coordinated to all eight heteroatoms of 














Recently, it has been demonstrated that macrocyclic polyethers can also stablilize non- 
metal cations of the lighter p block, including silicon and germanium. In 2008, our group 
reported the synthesis and characterization of a germanium(II) dication encapsulated by 
cryptand[2.2.2] (36).68 The salt was isolated in 88% yield as an air-sensitive white solid from the 
reaction of cryptand[2.2.2] and an N-heterocyclic carbene complex of GeCl(03SCF3) (Scheme
TM SOTf °G? 0





1.5). From X-ray diffraction data, the germanium was located in the centre of the cage with no 
solvent molecules occluded within the crystal. Triflate can coordinate relatively strongly with 
electron deficient centres; however in 36, the closest triflate-oxygen germanium approach is 5.32 
Â, indicating that cryptand[2.2.2] is able to exclude the triflates from the coordination sphere of 
the germanium. The cryptand is able to stabilize the highly reactive germanium centre with three
20
dimensional protection. Attempts to record the solid state 73Ge NMR spectrum of 36 were 
unsuccessful, and thus, this method could not be used to give any insight into the nature of the 
germanium. Natural Bond Order (NBO) analysis indicated the Wiberg bond indices (WBI) 
between germanium and the cryptand oxygens and nitrogens were 0.10 and 0.11, respectively. 
Natural Population Analysis (NPA) calculated a residual charge on the germanium of +1.38. 
Both calculations verify the noncovalent interactions of the cryptand with a dicationic 
germanium atom. Further investigations into the ionic nature of the germanium atom were 
conducted by X-ray Absorption Near Edge Structure (XANES).69 A sharp resonance at the edge 
was observed, indicative of a dipole-allowed Ge Is -» 4p transition. The intensity of the peak 
was attributed to the nearly vacant 4p  orbitals on the Ge2+ centre, further supporting the NPA 
data. The compilation of data confirms the dicationic nature of the germanium atom where there 
are no covalent interactions with the cryptand.
Our group, in collaboration with Macdonald, also synthesized and structurally 
characterized Ge(II) mono- and dications complexed with crown ethers of various sizes (37-41) 
(Scheme 1.6). The differences in the structure of the cationic complexes are related to the cavity 
size of the crown ether and its ability to encapsulate the cation. If the cavity is too small to 
encapsulate the cation a sandwich type complex is formed. Reid and coworkers71 have also 
isolated germanium dicationic complexes with azamacrocycles, indicating that nitrogen is also a 
suitable donor within the macrocycle for the stabilization of these species.
[GeCy
Scheme 1.6
Recently, a Si(II) cation complexed with 12-crown-4 (42) has been reported.72 Cp*Si+
(9) was used as a catalyst for the controlled degradation of oligo(ethylene glycol) dialkyl or 
disilyl ethers and cyclic ethers (crown ethers). When reacted with 12-crown-4, 9 complexes with 
the crown ether, with all four oxygens weakly coordinating with the silicon atom. Complexation 
does not cause major deviations in the bonding of the Cp*Si+ cationic moiety. From this 
intermediate complex, 12-crown-4 is degraded into two molecules of THF in approximately 20
22
1.4 Project Overview
Although significant progress has been made utilizing polyether macrocycles for the 
stabilization of group 14 cations, surprisingly cryptand complexes of tin(II) cations have not 
been reported. The cryptand complexes of germanium(II) and tin(II) cations are unique in that 
the cations do not have any covalently bound ligands, and thus, these complexes are potentially 
versatile starting materials.
In Chapter 2, the synthesis of a series of cryptand complexes of tin(II) cations is reported. 
These complexes were characterized using a variety of techniques including solution and solid 
state NMR and FT-Raman spectroscopy, mass spectrometry, Mossbauer spectroscopy and X-ray 
diffraction. Chapter 3 examines the reactivity of 36 and the cryptand complexes of tin(II) 
cations. Cation 36 was explored as a synthon for a variety of germylene complexes stabilized by 
trapping reagents. Cation 36 and the cryptand stabilized tin(II) cations were utilized as a starting 
material for acetylacetonate-stabilized germylenes or stannylenes. Attempts to exchange the 
cryptand ligand with other ligands was also examined for the cryptand complexes of tin(II) 
cations. A summary of the thesis and future directions for this research are presented in Chapter 
4.
1.5 References
(1) Norris, J. F. Am. Chem. J. 1901, 25, 117.
(2) Kehrmann, F.; Wentzel, F. Chem. Ber. 1901, 34, 3815.
(3) Olah, G. A. In Carbocation Chemistry, Olah, G. A., Surya Prakash, G. K., Eds.; John 
Wiley & Sons Ltd.: Hoboken, New Jersey, 2004.
23
(4) Olah, G. A.; Kuhn, S. J.; Tolgyesi, W. S.; Baker, E. B. J  Am. Chem. Soc. 1962, 84, 2733.
(5) Olah, G. A.; Tolgyesi, W. S.; Kuhn, S. J.; Moffatt, M. E.; Bastien, I. J.; Baker, E. B. J.
Am. Chem. Soc. 1963, 85, 1328.
(6) Brown, W.; Poon, T. Introduction to Organic Chemistry, 4th ed.; Wiley: New York, 
2011.
(7) Lee, V. Y.; Sekiguchi, A. Acc. Chem. Res. 2007, 40, 410.
(8) Lee, V. Y.; Sekiguchi, A. In Reviews o f Reactive Intermediates', Platz, M. S., Moss, R.
A., Jones Jr, M., Eds.; John Wiley & Sons, Inc.: New Jersey, 2002, p 47.
(9) Müller, T. Adv. Organomet. Chem. 2005, 53, 155.
(10) Zharov, I.; Michl, J. In The Chemistry o f Organic Germanium, Tin and Lead Compounds 
Vol. 2; Rappoport, Z., Apeloig, Y., Eds.; Wiley & Sons: Chichester, 2002, p 633.
(11) Reed, C. A. Acc. Chem. Res. 1998, 31, 325.
(12) Läppert, M. F.; Pedley, J. B.; Simpson, J.; Spalding, T. R. J. Organomet. Chem. 1971, 29,
195.
(13) Lambert, J. B.; Zhang, S.; Stem, C. L.; Huffman, J. C. Science 1993, 260,1917.
(14) Lambert, J. B.; Zhang, S. Science 1994, 263, 984.
(15) Reed, C. A.; Xie, Z.; Bau, R.; Benesi, A. Science 1993, 262, 402.
(16) Xie, Z.; Liston, D. L.; Jelinek, T.; Mitro, V.; Bau, R.; Reed, C. A. J. Chem. Soc., Chem. 
Commun. 1993, 384.
(17) Lambert, J. B.; Zhao, Y.; Wu, H.; Tse, W. C.; Kuhlmann, B. J. Am. Chem. Soc. 1999, 
727,5001.
(18) Ichinohe, M.; Fukui, H.; Sekiguchi, A. Chem. Lett. 2000, 600.
24
(19) Kim, K.-C.; Reed, C. A.; Elliott, D. W.; Mueller, L. J.; Tham, F.; Lin, L.; Lambert, J. B. 
Science 2002, 297, 825.
(20) Kraka, E.; Sosa, C. P.; Grafenstein, J.; Cremer, D. Chem. Phys. Lett. 1997, 279, 9.
(21) Müller, T.; Zhao, Y.; Lambert, J. B. Organometallics 1998,17, 278.
(22) Sekiguchi, A.; Fukawa, T.; Lee, V. Y.; Nakamoto, M.; Ichinohe, M. Angew. Chem. Int. 
Ed. 2003, 42, 1143.
(23) Schenk, C.; Drost, C.; Schnepf, A. Dalton Trans. 2009, 773.
(24) Sekiguchi, A.; Tsukamoto, M.; Ichinohe, M. Science 1997, 275, 60.
(25) Ichinohe, M.; Igarashi, M.; Sanuki, K.; Sekiguchi, A. J. Am. Chem. Soc. 2005,127, 9978.
(26) Lambert, J. B.; Lin, L. J. Org. Chem. 2001, 66, 8537.
(27) Arshadi, M.; Johnels, D.; Edlund, U. Chem. Commun. 1996, 1279.
(28) Lambert, J. B. In Tin Chemistry. Fundamentals, Frontiers and Applications', Davies, A.
G., Gielen, M., Panned, K. H., Tiekink, E. R. T., Eds.; John Wiley & Sons Ltd.: 
Chichester, 2008, p 152.
(29) Lambert, J. B.; Lin, L.; Keinan, S.; Müller, T. J. Am. Chem. Soc. 2003,125, 6022.
(30) Bagno, A.; Casella, G.; Saiella, G. J. Chem. Theory Comp. 2006, 21, 37.
(31) Schmidt, H.; Keitemeyer, S.; Neumann, B.; Stammler, H.-G.; Schoeller, W. W.; Jutzi, P. 
Organometallics 1998,17, 2149.
(32) Cosledan, F.; Castel, A.; Rivère, P.; Satgé, J. Organometallics 1998,17, 2222.
(33) Pal, S. K.; Tham, F. S.; Reed, R. W.; Oakley, R. T.; Haddon, R. C. Polyhedron 2005, 24, 
2076.
(34) Müller, T.; Bauch, C.; Ostermeier, M.; Boite, M.; Auner, N. J. Am. Chem. Soc. 2003,
125, 2158.
25
(35) Yang, Y.; Panisch, R.; Boite, M ; Müller, T. Organomeîallics 2008, 27, 4847.
(36) Bockholt, A.; Jutzi, P.; Mix, A.; Neumann, B.; Stammler, A.; Stammler, H.-G. Z  Anorg. 
Allg. Chem. 2009, 635, 1326.
(37) Khrustalev, V. N.; Portnyagin, I. A.; Borisova, I. V.; Zemlyansky, N. N.; Ustynyuk, Y. 
A.; Antipin, M. Y.; Nechaev, M. S. Organomeîallics 2006, 25, 2501.
(38) Jutzi, P.; Mix, A.; Rummel, B.; Schoeller, W. W.; Neumann, B.; Stammler, H.-G. 
Science 2004, 305, 849.
(39) Jutzi, P.; Dickbreder, R.; Noth, H. Chem. Ber. 1989,122, 865.
(40) Jutzi, P.; Kohl, F.; Hofînann, P.; Krüger, C.; Tsay, Y.-H. Chem. Ber. 1980,113, 757.
(41) Winter, J. G.; Portius, P.; Kociok-Kohn, G.; Steck, R.; Fillippou, A. C. Organomeîallics 
1998, 77,4176.
(42) Hani, R.; Geanangel, R. A. J. Organomeî. Chem. 1985,293, 197.
(43) Probst, T.; Steigelmann, O.; Riede, J.; Schmidbaur, H. Angew. Chem. Int. Ed. 1990, 29, 
1397.
(44) Rupar, P. A.; Staroverov, V. N.; Ragogna, P. J.; Baines, K. M. J. Am. Chem. Soc. 2007, 
129, 15138.
(45) Reger, D. L.; Collins, J. E. Inorg. Chem. 1997, 36, 345.
(46) Driess, M.; Yao, S.; Brym, M.; van Wüllen, C. Angew. Chem. Int. Ed. 2006, 45, 6730.
(47) Stender, M.; Phillips, A. D.; Power, P. P. Inorg. Chem. 2001, 40, 5314.
(48) Ayers, A. E.; Dias, H. V. R. Inorg. Chem. 2002, 41, 3259.
(49) Dias, H. V. R.; Wang, Z. J. Am. Chem. Soc. 1997,119, 4650.
(50) Dias, H. V. R.; Jin, W. J. Am. Chem. Soc. 1996,118, 9123.
(51) Arii, H.; Nakadate, F.; Mochida, K.; Kawashima, T. Organomeîallics 2011, 30, 4471.
26
(52) Asay, M.; Jones, C.; Driess, M. Chem. Rev. 2011, 111, 354.
(53) Schäfer, A.; Saak, W.; Hasse, D.; Müller, T. Chem. Eur. J. 2009,15, 3945.
(54) Steed, J. W.; Atwood, J. L. Supramolecular Chemistry, Wiley: New York, 2000.
(55) Gokel, G. W. Crown Ethers and Cryptands\ The Royal Society of Chemistry, 1991.
(56) Bott, S. G.; Alanipour, S.; Morley, S. D.; Atwood, D. A.; Means, M. C.; Coleman, A. W.; 
Atwood, J. L. Angew. Chem. Int. Ed. 1987, 26.
(57) Kloo, L. A.; Taylor, M. J. J. Chem. Soc. Dalton Trans. 1997.
(58) Cooper, B. F. T.; Andrews, C. G.; Macdonald, C. L. B. J. Organomet. Chem. 2007, 692, 
2843.
(59) Cooper, B. F. T.; Macdonald, C. L. B. J. Organomet. Chem. 2008, 693, 1707.
(60) Schäfer, M.; Frenzen, G.; Neumuller, B.; Dehnicke, K. Angew. Chem. Int. Ed. 1992, 31,
331.
(61) Drew, M. G. B.; Nicholson, D. G. J. Chem. Soc. Dalton Trans. 1986,1543.
(62) Hough, E.; Nicholson, D. G. J. Chem. Soc. Dalton Trans. 1989, 2155.
(63) Herber, R. H.; Carrasquillo, G. Inorg. Chem. 1981, 20, 3693.
(64) Herber, R. H.; Smelkinson, A. E. Inorg. Chem. 1978,17, 1023.
(65) Bandyopadhyay, R.; Cooper, B. F. T.; Rossini, A. J.; Schurko, R. W.; Macdonald, C. L.
B. J. Organomet. Chem. 2010, 695, 1012.
(66) Chekhlov, A. Russ. J. Coord. Chem. 2006, 32, 552.
(67) Chekhlov, A. J. Struct. Chem. 2006, 47, 352.
(68) Rupar, P. A.; Staroverov, V. N.; Baines, K. M. Science 2008, 322, 1360.
(69) Ward, M. J.; Rupar, P. A.; Murphy, M. W.; Yiu, Y.-M.; Baines, K. M.; Sham, T. K.
Chem. Commun. 2010, 46, 7016.
27
(70) Rupar, P. A.; Bandyopadhyay, R.; Cooper, B. F. T.; Stinchcombe, M. R.; Ragogna, P. J.; 
Macdonald, C. L. B.; Baines, K. M. Angew. Chem. Int. Ed. 2009, 48, 5155.
(71) Cheng, F.; Hector, A. L.; Levason, W.; Reid, G.; Webster, M.; Zhang, W. Angew. Chem. 
Ini. Ed. 2009, 48, 5152.
(72) Leszczyriska, K.; Mix, A.; Berger, R., J. F.; Rummel, B.; Neumann, B.; Stammler, H.-G.; 
Jutzi, P. Angew. Chem. Int. Ed. 2011, 50, 6843.
Chapter 2
Synthesis and Characterization of Cryptand Complexes of Tin(II) Cations
28
2.1 Introduction
Cations of group 14 are intensely studied due to the long-standing interest in the
1 9fundamental differences and similarities between carbon and its heavier congeners. ’ 
The synthesis of stable heavier group 14 cations in the condensed phase has been a 
formidable challenge.3'7 After decades of intense research, it has been found that bulky 
substituents, ligands with pendant donor atoms, non-nucleophilic solvents and/or weakly 
coordinating anions, all of which, except for the bulky substituents, can coordinate to the 
electron deficient centre either inter- or intramolecularly, are essential to provide 
stabilization to the cationic centre. Cations with the group 14 atom in the +2 oxidation 
state have received much less attention. Like cations in the +4 oxidation state, they 
require stabilization from bulky substituents or donor atoms as they are expected to be
o
highly reactive species. Donating ligands, such as N-heterocyclic carbenes, 
cyclopentadienyl9'11 and /3-diketiminates12’13 have been used to stabilize low valent 
cations of group 14.
*This chapter involves a collaboration with Rolfe H. Herber at Racah Institute of Physics, 
The Hebrew University of Jerusalem for Mossbauer spectroscopy and Margaret A. 









29, 31 40: M=Ge, X=CI 
41: M=Ge, X=OTf 
28: M=Sn, X=CI 
30: M=Sn, X=OTf
Chart 2.1
Cyclic polyethers, such as cryptands and crown ethers, have been used to complex 
metal cations from the entire periodic table. Polyethers have long been known to complex 
metallic tin and lead in the +2 oxidation state. More recently, it has been demonstrated 
that the multiple weak interactions with the heteroatoms of a polyether can also stabilize 
non-metals including silicon and germanium in group 14 (Chart 2.1). In 2008, our group 
reported the first example of a germanium(II) dication (36)14 encapsulated within 
cryptand[2.2.2] (Figure 2.1), where the ligand provides stabilization and protection for 
the reactive species in three dimensional space.
Figure 2.1 Thermal ellipsoid plot (30% probability surface) of 362+. Triflate anions and 
hydrogen atoms have been omitted for clarity. Selected distances between atoms (A): 
Ge-N(l) = 2.524(3), Ge-0(4) = 2.4856(16). From Rupar, P. A.; Staroverov, V. N.; 
Baines, K. M. Science 2008, 322, 1360. Reprinted with permission from AAAS.
Our group, in collaboration with Macdonald,15 synthesized and structurally 
characterized Ge(II) mono- and dications (37-41) complexed by crown ethers of various 
sizes. The differences in the observed structures of the cationic complexes is related to 
the size of the cavity of the crown ether, and hence, its ability to encapsulate the atom. If 
the cavity is too small to encapsulate the cation, a sandwich type complex is formed; 
however, as the size of the crown ether cavity increases, encapsulation is observed. Reid 
and coworkers have also isolated germanium dicationic complexes with azamacrocycles, 
indicating that nitrogen is also a suitable donor for the stabilization of these reactive 
species.16 Lead(II) complexes with cryptand[2.2.2], forming mono- or dicationic 
structures where the lead is encapsulated within the cavity of the cryptand. In addition to 
interacting with the eight heteroatoms of the cryptand, two other species, either water 
and/or a perchlorate anion, coordinate to the lead cation. ’ Recently, Si(II) has been
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shown to complex with 12-crown-4 (42) during the degradation of cyclic polyethers, 
using Cp*Si+ (9+) as the silicon source and catalyst.19 Tin(II) crown ether complexes 
were first studied in the group of Herber.20,21 Mossbauer spectroscopy was used to 
elucidate the structure and determine the nature of the stereochemically active lone pairs. 
Crown ether complexes of tin(II) halides, [(18-crown-6)SnCl][SnCl3] (28) and [(15- 
crown-5)2Sn][SnCl3]2 (29) were structurally characterized by X-ray diffraction several 
years later by Nicholson and coworkers, confirming Herber’s original structural 
assignment.22,23
Recently, crown ether complexes of tin(II) cations have been revisited by 
Macdonald and coworkers.24 They reported the synthesis and structural characterization 
of tin(II) complexes with 18-crown-6 (30), 15-crown-5 (31) and 12-crown-4 (32) with 
triflate as the counterion (Figure 2.2). The structure of each complex is dependent on the 
size of the crown ether, consistent with Nicholson’s observations. The use of polyethers 
for stabilization of tin(IV) has also been reported in which a tethered crown ether 
complexed with a tin(IV) cation.25 Although significant progress has been made in 
regards to tin(II) crown ether complexes, surprisingly, the synthesis of cryptand 
complexes of tin(II) has not been examined. We now report on the synthesis and 
characterization of the first tin(II) complexes with cryptand[2.2.2] and compare the 
structures to the previously reported complexes.
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Figure 2.2 Molecular structures of 30-32. Reprinted from the Journal o f Organometallic 
Chemistry, 695, Rajoshree Bandyopadhyay, Benjamin F.T. Cooper, Aaron J. Rossini, 
Robert W. Schurko, Charles L.B. Macdonald, Crown ether complexes of tin(II) 
trifluoromethanesulfonate, 1012-1018, 2010 with permission from Elsevier.
2.2 Results and Discussion
2.2.1 Synthesis and Characterization of Monocationic Cryptand Complexes of 
Tin (II)
Cryptand[2.2.2] was added to a solution of tin(II) dichloride in THF. A white 
solid rapidly precipitated from the clear, colourless solution. The solid was characterized 
by NMR, Raman and Mossbauer spectroscopy, ESI mass spectrometry (ESI-MS) and
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single X-ray diffraction, and identified as [Cryptand[2.2.2]SnCl][SnCl3] (43). The 
bromide (44) and iodide (45) derivatives were synthesized by adding the appropriate 
trimethylsilyl halide (TMSX, X= Br or I) to the reaction mixture. 45 is also accessible by 
the addition of cryptand[2.2.2] to a solution of anhydrous S11I2. If the S11I2 is not 
anhydrous, the reaction does not yield the desired compound, rather a mixture of 
unidentified products.
For each derivative, the ESI-MS spectrum revealed a cluster of signals with the 
appropriate isotopic pattern for tin. The chloride derivative (43) revealed a cluster of 
signals with a mass to charge (m/z) ratio centred at m/z 531 corresponding to 
12Ci81H3614N2l6O6120Sn35Cl, an ion containing cryptand, tin and chlorine. Each signal is 
separated by one m/z unit indicating a monocationic species. The bromide (44) and 
iodide (45) derivatives revealed a cluster of signals centred at m/z 573 and m/z 623, 
respectively, corresponding to a complex containing cryptand, tin and the appropriate 
halide. There was no evidence of multiply charged species in the mass spectra.
The FT-Raman spectra of 43 and 44 exhibit signals (293, 259, 136 and 111 cm'1 
for 43 and 202, 182 and 86 cm'1 for 44) consistent with the trihalostannate anion, SnX3', 
the counterion of the complexes.26 In 44, complete halogen exchange occurred. The 
spectrum of 45 (Figure 2.3), synthesized by halogen exchange or the reaction with Snl2, 
does not contain signals consistent with the triiodostannate anion, ’ but rather a broad 
signal at 130 cm'1. The ESI-MS negative mode spectrum of 45 reveals a prominent 
cluster of signals centred at m/z 500.6 that corresponds to S11I3'. The broad signal may be 
attributed to an overlap of signals corresponding the the triiodostannate anion as well as
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the Sn-I bond of cationic complex. All other signals in the Raman spectrum of 45 are 
comparable to those of 43 and 44.
Figure 2.3: FT-Raman spectrum of 45.
Single crystals suitable for X-ray diffraction were grown by slow diffusion of 
diethyl ether into a concentrated solution of THF for 43 and 44. The two crystals are 
isomorphic. The X-ray data of 43 revealed two moieties within the formula unit: a tin- 
chloride moiety complexed by cryptand[2.2.2] and tin trichloride to give 
[Cryptand[2.2.2]SnCl][SnCl3] (Figure 2.4). Selected bond lengths are listed in Table 2.1. 
The Sn-Cl distances o f 2.452(3), 2.474(2) and 2.474(2) A in the counterion, SnC^', were 
consistent with reported values. The anion shows no interaction with the cationic 
moiety based on the long tin-tin distance of 7.399(1) A and the cationic tin-anionic 
chloride distances averaging 6.479(5) A. The tin atom, complexed within the cavity of 
cryptand[2.2.2], is bonded to a chloride at a distance of 2.532(2) A, which is within the
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sum of ionic radii for tin(+2) and chlorine(-l) (1.12 and 1.67 Á, respectively)28 and 
comparable to reported tin(II)-chloride bond lengths.22,29'33 The tin-cryptand complex 
has tin-oxygen and tin-nitrogen distances averaging 2.84(2) and 2.854(11) Á, 
respectively. The Sn-N bonds are longer than reported covalent Sn(II)-N bond 
lengths. ’ ' The Sn-0 (cryptand) distances are longer than reported covalent Sn(II)-0
I/
bond lengths, ’ ' but comparable to those in the related tin(II)-crown ether complexes 
(28-32).22'24,37
Figure 2.4: Thermal ellipsoid plot (30% probability surface) of 43+; the counter ion, 
SnC^', was removed for clarity. Selected bond lengths are listed in Table 2.1.
The X-ray data of 44 (Figure 2.5) revealed similar metrics to 43. Selected bond lengths 
are listed in Table 2.1. The anion, tribromostannate, has bond distances of 2.6238(11), 
2.6058(11) and 2.6178(10) A, consistent with literature values.38 The long tin-tin 
distance of 7.139(1) A and an average of 7.553(2) A between the anionic bromide and 
cationic tin is evidence that there is no interaction between the anion and cation. The 
cationic moiety contains a tin-bromide bond of 2.6879(11) A, consistent with literature
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values.39-41 Distances between the tin and the heteroatoms of the cryptand are similar to 
those in 43. No suitable crystals for X-ray diffraction were obtained for 45.
@Bri2l
Figure 2.5: Thermal ellipsoid plot (30% probability surface) of 44+, the counterion, 
SnBr3\  has been removed for clarity. Selected bond lengths are listed in Table 2.1.
Table 2.1. Selected bond lengths in A for 43, 44 and 46. The two cationic tin atoms in 46
have been differentiated as 1 and 2.
Compound 43, X=C1 44, X=Br 46, X=0 (triflate)

















1: 2.510(3), 2.735(4), 2.711(3), 
2.458(3), 2.644(4), 2.699(3)
2: 2.528(3), 2.578(4), 2.783(4), 
2.595(3), 2.783(3), 2.724(9)





*A11 other S-0 distances within each inflate anion were not significantly different, except
for the triflate anion weakly coordinating with tin(2) at a distance of 2.664(4) A.
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To assess the extent of interaction between the heteroatoms of the cryptand and 
the tin centres and to better understand the electronic structures of these systems, Natural 
Bond Order (NBO) analyses and Natural Population Analyses (NPA)42 were carried out 
on all complexes in Gausian 0943 using the TPSSTPSS44 functional and the LAN2DZ 
basis set on all atoms.
As was observed in 36,14 the Wiberg bond indices (WBI) between the tin and the 
cryptand oxygens range from 0.06 to 0.13, below the value of 1.0 expected for a single 
covalent bond. The corresponding values for nitrogen and tin range from 0.09 to 0.13, 
also suggesting a lack of covalent interaction. In contrast, there is a stronger bonding 
interaction with the halogen in 43-45. The Sn-Cl bond is the weakest with a Wiberg 
bond index of only 0.54. While this is not as large as would be expected for a classical 
single bond, it is clearly more significant compared to the cryptand interactions. The 
Wiberg bond index of the Sn-Br bond is 0.61 while the interaction with I is 0.71. The 
tin-iodide bond exhibits the highest bond order presumably due to the superior orbital 
overlap between the similarly sized tin and iodine atoms. This unusual trend could also 
be attributed to the Hard-Soft Acid Base Theory.28 From the NPA data for the 
complexes, the positive charge remains centered on tin. The monocationic halide 
complexes (43-45) feature charges on tin ranging from +1.10 to +1.26. The lower Sn-X 
bond orders correspond to a higher residual positive charge on tin.
119Sn Mossbauer effect (ME) spectroscopic studies were carried out on all 
compounds. The ME all compounds consisted of well resolved doublets, with isomer 
shifts (IS) characteristic for 119Sn in the +2 oxidation state. The hyperfine parameters of 
each complex at 90 K are summarized in Table 2.2.
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Table 2.2. Hyperfine parameters and associated values extracted from the ll9Sn 
Mossbauer data and X-ray data for 43, 44 and 46.
Parameters 43 44 46 Units
Cation Anion Cation Anion Cation
IS(90K) 4.32(3) 2.92(6) 4.21(2) 3.22(4) 4.40(1) mm sec'1
QS(90 K) 1.13(3) 0.93(13) 1.19(2) 1.18(4) 0.60(1) mm sec'1
- d In A/dT 18.9(2) 26.3(14) 16.8(15) 24.0(16) 17.5(6) K '1 x 10'3
k  < X ave ^ M ,1 5 0 2.83(4) 3.87(4) 2.54(14) 3.73(14) 2.63(9)
k 2 < X aVe 2 > X.150 4.86(4) 3.84(4) 3.01(9) 4.16(8) 2.63(3)
The ME spectra of 43 were examined over the temperature range 90<T<216 K 
and consisted of an asymmetric broad line resonance in addition to a resonance due to a 
small impurity of SnC>2 at an isomer shift (IS) close to zero.45 The signal assigned to 
Sn02 accounts for about 3% of the total area at 90 K (Figure 2.6). The major resonance 
is readily decomposed into two doublets, one corresponding to the anion SnCT', assigned 
by comparison to literature values,20’21 and the other to the cation 43+. It is obvious from 
Figure 2.6 that the areas of the two sites are not equal, and indeed the area ratio is 
strongly temperature dependent. At 90 K, the area ratio (cation site/anion site) is 
approximately 1.7. Due to the temperature dependence of the recoil-free fraction,/ 
which for an optically thin absorber scales directly with the temperature-dependence of 
the spectral area (A(T)) under the resonance curve, the area is different for the two tin 
sites vide infra. A comparison of the temperature-dependencies is summarized 
graphically in Figure 2.7. As expected, the area ratio extrapolates to ~ 1 at the low 
temperature limit in which the respective recoil-free fractions are assumed to approach 
unity (ignoring the zero-point motion in each case).
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Figure 2.6: 119Sn Mossbauer Spectrum of 43 at 93.0 K. The cation resonance (red) and 
anion resonance (blue) components are indicated. The presence of a small amount of
SnC>2 is shown by the green curve.
9 9Figure 2.7: k <x ave> vs Temperature for the two Sn sites in 43. Solid dots represent the
anion, open circles the cation.
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The temperature dependencies of the recoil-free fractions are well fit by a linear 
regression and amount to (-18.9+0.2)xl0'3 and (-26.3+1.3)xl0'3 K'1 for the cation and 
anion, respectively. In both cases the correlation coefficients (R) are better than 0.99 for 
8 data points. As reported earlier,46 this temperature dependence can be used to evaluate 
the mean-square-amplitude-of-vibration (msav) of the metal atom and permits 
comparison of these values with those extracted from single crystal X-ray data (Ujj 
values), and are most conveniently expressed as F = k2<xaVe2>, where k is the wave vector 
of the ME gamma ray (1.464xl018 cm2). For the anion, the two values are Fx,iso 
=3.84+0.04 and Fm,i5o=3.87+0.04 respectively, where the X and M subscripts refer to the 
X-ray and ME data, respectively. For the cation, the two values are Fx.iso == 4.86+0.04 
and Fm.iso = 2.83+0.04. An obvious question now arises, why is the agreement between 
the X and M data so satisfactory in the case of the anion, but not at all in the case of the 
cation. As has been discussed earlier,47 the X-ray data (time scale 10'14 sec) reflects not 
only the metal atom vibrations per se but are also sensitive to static lattice imperfections 
as well as low frequency librational and/or vibrational modes (time scale 10'4to 10'5 sec), 
whereas the Mossbauer data (time scale 10'8 sec) are not sensitive to these low frequency 
modes; at most the absorption lines are slightly broadened, but the original spectral area 
is the same.48'51 The differences between the msav values determined by X-ray and ME 
methodologies has been extensively discussed for the case of iron in biomolecules by 
Parak and coworkers.48,49,52 In the case of the anion, the low frequency modes are absent, 
whereas in the cation, the cryptand-Sn-Cl bonding geometry is sensitive to the librational 
modes referred to above due to the absence of strong covalent bonds.
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Figure 2.8: 119Sn Mossbauer Spectrum of 44 at 92.8 K. The cation resonance (red) and 
anion resonance (blue) components are indicated.
The ME spectra of 44 (Figure 2.8) are very similar to those observed for 43, 
which was expected. The small difference between 43 and 44 can be accounted for by 
the substitution of Cl by Br. The temperature dependencies of the derivative of the 
logarithm of the spectral area, - d In [A(T)/A(90)]/ dT (Figure 2.9), are included in Table
2.2 and, again, show that the metal atom in the cation site is more strongly ligated than 
that in the anion site. These temperature dependencies are, again, well fitted by a linear 
regression and yield the F values of 2.54+0.14 and 3.01+0.09 for the ME and X-ray data 
for the cation and 3.59+0.14 and 4.16+0.08 for the anion respectively, at 150 K. Here, 
the comparison between the ME derived values and the X-ray derived values are not in 
good agreement for reasons that are not obvious from the presently available data. 
Indeed, it was expected that the agreement for the SnBr3‘ anion would be comparable to 
the chloride homologue, above, but this is not the case. The cation, similar to 43+, is
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more susceptible to the librational modes, which can account for the poor agreement 
between the ME and X-ray values.
Figure 2.9: k <x ave> vs Temperature for the two Sn sites in 44. Solid dots represent the 
anion, open circles the cation.
The ME spectra of 45 was obtained, although it contained a large amount of Sn02 
making extraction of the hyperfine parameters difficult and unreliable.
119Sn NMR spectroscopy was also used to characterize the 
compounds. Unfortunately no signal was observed in the solution state, but 119Sn solid 
state NMR (SSNMR) data was collected using both magic angle spinning (MAS) and 
static conditions. The SSNMR parameters are summarized in Table 2.3.
Table 2.3. 119Sn SSNMR Spectral Parameters of 43-46 and S11X3












43 5(1) 880(100) 1 -980(1) 1060(100) 0.75(10)
44 165(1) 890(100) 0.95(5) -920(1) 1180(100) 0.7(1)
45 50(25) 700(100) 0.75(2) -810(20) 1400(200) 0.65(10)
46 - - - -1533(1) 165(10) 0.8(1)
[NBu4ÏÏSnCl3l -6 805(100) 1 - - -
[NBiLjjfSnBra] 2(1) 805(100) 1 - - -
[NBmïïSnlal 250(50) 700(100) 0.75(2) - - -
[NBu4][SnClI2] 130(10) 500(100) 0.45(10) - - -
43
When collecting data of 43 under magic angle spinning conditions (MAS) (Figure
2.1 OB) at a spinning speed of 17 kHz, a broad pattern was observed. By collecting the 
data at another spinning speed, two isotropic shifts were observed, 5 ppm and -980 
ppm. This observation is indicative of there being two tin sites present, which was 
expected based on X-ray analysis. The isotropic shift of 5 ppm was assigned to the 
trichlorostannate anion, which is consistent with solution state data.53 This assignment 
was confirmed by preparing the anion independently as [NBu^fSnCU].27 The 119Sn 
SSNMR spectrum of the ammonium salt closely resembles the less shielded signal of 43. 
The cationic portion of the spectrum is assigned to the signal with an isotropic shift of - 
980 ppm. The considerably shielded isotropic chemical shift of 43+ is consistent with 
reported u9Sn SSNMR isotropic shifts of the tin(II) crown ether complexes (30-32). The 
negative value of the isotropic shift is likely due to the shielding effect of 
hypercoordination, as the cryptand is weakly interacting with the tin centre.
The static spectrum of 43, collected under WURST-CPMG conditions (Figure 
2.10A), indicated that the less shielded signal, attributed to the anion, is in an axially 
symmetric environment (k = 1). This is consistent with the Cj axis through the 
trichlorostannate anion as observed by X-ray diffraction. The skew value of the cationic 
signal (0.75) is indicative of an absence of symmetry, consistent with the structure of 43.
All electron basis sets were optimized for the ZORA method.The parameters were 
also calculated using Amsterdam Density Functional (ADF)44 theory using the BPVWN 
functional. A basis set of QZ4P was used on the tin atoms due to the importance of the 
core electrons and relativistic effects when calculating NMR parameters. The calculated 
parameters of 43 for the anion site produce an isotropic shift of 175 ppm, a span of 855
44
ppm and a skew of 1 Although inconsistent with experimental results in regards to the 
isotropic shift and span, the skew and overall pattern corresponds to experimental 
results. The cationic signal was calculated to have a more deshielded isotropic chemical 
shift of -800 ppm, a span of 1535 ppm and a skew of 0.9. In both sites, the calculated 
parameters are overestimated, but when comparing the general patterns of the signals, 
they correspond with experimental observations.
Figure 2.10: A) Static 119Sn WURST-CPMG spectrum of 43. The solid trace indicates 
the simulated spectrum. B) 119Sn MAS spectrum (pmt= 17 kHz)
The MAS spectrum of 44 exhibits considerably poorer signal to noise attributed to 
the observed shorter T2 relaxation as well as the lower overall tin concentration in the 
same sample volume as 43. The spectrum, collected at a spinning speed of 16.5 kHz, 
contained two isotropic shifts, 165 ppm and -920 ppm. The isotropic shift of 165 ppm,
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with a span of 980 ppm and a skew of 0.97, was assigned to the anion, tribromostannate. 
Again, similar to the trichlorostannate anion, a skew close to one is expected as the anion 
displays axial symmetry. The slight deviation from 1 can be attributed to slight deviations 
from Cjv symmetry observed in the structure of this anion.27 The isotropic shift of -920 
ppm, with a span of 1180 ppm and a skew of 0.7, is assigned to the cationic portion of the 
complex as the isotropic shift is quite similar to that of 43.
The static WURST-CPMG spectrum of 44 appeared to only contain one signal. 
However, a second, considerably weaker signal is present in the general region expected 
for the tribromostannate anion. Likely, the anion relaxes more rapidly than the cation due 
to the three covalent Sn-Br bonds in the anion. The shorter T2 of the tribromostannate 
anion receives considerably less signal enhancement than the slower relaxing cation.
ADF calculations were performed. Once again, the parameters were 
overestimated, but the overall pattern fit well with the experimental data.
Attempts to obtain MAS data for 45 were unsuccessful. However, it was possible 
to collect static ll9Sn SSNMR spectra of 45 prepared from Snl2 and via the halogen 
exchange reaction with SnCl2. Surprisingly these spectra were significantly different 
from one another. The reaction of Snl2 and cryptand[2.2.2] (45) (Figure 2.11) afforded 
the expected signals with isotropic shifts of 100 ppm and -810 ppm. The more shielded 
signal at -810 ppm exhibited a similar shape to the cationic signals in 43 and 44. The 
absence of MAS spectral data increases the standard uncertainties for the data of 45, but 
the overall lineshape is strong evidence for the the cationic signal. Similar to 44, the 
signal of the triiodostannate anion (100 ppm) is less intense that the cation. The expected
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lineshape is observed for the anionic signal and only deviates slightly from axial 
symmetry.
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Figure 2.11: Static 119Sn WURST-CPMG spectrum of 45 prepared from Snl2. The solid 
trace indicates the simulated spectrum.
When 45 is prepared via halogen exchange with SnCU (referred to as 45a), the 
spectrum is significantly different (Figure 2.12). Isotropic shifts of 0 ppm and -945 ppm 
were observed. The signal at -945 ppm is attributed to the cationic portion of 45a. The 
signal at 0 ppm, assigned to the anion of 45a, was astonishingly different than 45. The 
overall lineshape (span of 880 ppm and a skew of 0.3) indicate that this signal is not 
consistent with axial symmetry, which would be expected for S11I3'. Thus, it is apparent 
that the anion of 45a is not Snl3'.
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Figure 2.12: Static 119Sn WURST-CPMG spectrum of 45a. The solid trace indicates the 
simulated spectrum
To further investigate the anion of 45a prepared via halogen exchange, the 
triiodostannate anion was prepared independently as the [NBu4][Snl3] salt.27 The 119Sn 
static WURST-CPMG spectrum of this sample resembled the deshielded signal of 45, 
though the isotropic shift was considerably less shielded (<5iso 250, U = 900 ppm, k = 0.8). 
The tetrabutylammonium salt of SnCIV was also prepared as it was present in the ESI 
negative mode mass spectrum of 45a. The skew value does not correspond to any 
specific site symmetry (k = 0.45), which is expected for this anion which has lower 
symmetry than the homoleptic anions. The experimental spectrum of 45a was reproduced 
using the parameters for both the cation of 43 and 45, the Snl3' and SnClIf anions and a 
small amount of SnC>2 (also observed by Mossbauer spectroscopy). This demonstrates
48
that the halogen exchange reaction did not go to completion and preparation of 45 from 
Snl2 is the preferred synthetic route.
On the basis of the data collected, the halide derivatives are monocationic 
complexes, where the halide is covalently bound to the tin atom. For 43 and 44, based on 
the long bond distances between the cryptand heteroatoms and the tin centre, as 
determined by X-ray crystallography and NBO calculations, we conclude that there is no 
significant bonding between the cryptand and the tin. Although the X-ray structure for 
45 was not obtained, we believe, based on solid state NMR spectra and ESI-MS, that the 
structure of the cation is analogous to 43 and 44 when synthesized from SnE. Synthesis 
from SnCl2 and TMSI (45a) does not result in complete halogen exchange, and the U9Sn 
NMR spectroscopic results are most consistent with a mixture of Sn-Cl and Sn-I cationic 
cryptand complexes. Each cation has a trihalostannate counterion. 43, 44, and 45 
contain homoleptic anions; however if 45 is synthesized via halogen exchange (45a) the 
counterion is a mixture of S11I3' and SnC lf.
2.2.2 Synthesis and Characterization of Dicationic Cryptand Complex of Tin(II)
Trifluoromethanesulfonate (OTf) is a weakly coordinating anion.54 Trimethylsilyl 
trifluoromethanesulfonate was added to a solution of SnCE and cryptand[2.2.2] in an 
attempt to abstract the halide. An alternate synthetic route was also explored: 
cryptand[2.2.2] was added to a solution of tin(II) trifluoromethanesulfonate in THF. Both 
methods resulted in the formation of the same compound, 46.
The 19F NMR spectrum of 46 contained a single signal, 5 -79.36, the chemical 
shift of which is consistent with an ionic triflate, based on the chemical shifts of MeOTf 5
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-75.4 (prototypical covalent)55 and [Bu4N][OTf] 8 -78.7 (prototypical ionic).56 
The FT-Raman spectrum of 46 revealed the appropriate stretches and deformations 
correlating to a triflate anion.57
The ESI-MS spectrum of 46 (Figure 2.13) revealed a cluster of signals centred at 
m/z 645 corresponding to 12Ci91H3614N216O9120Sn19F332S; a cryptand, tin and a triflate 
moiety. A cluster of signals centred at m/z 248 was also observed, which is consistent 
with cryptand[2.2.2] and tin. Accordingly, the cluster at m/z 248 is centred at Vi the 
calculated molecular weight and the distance between each signal within the cluster is 0.5 
m/z units, indicative of a dication.
Figure 2.13 : ESI (positive mode) mass spectrum of 46. Note the cluster of signals at m/z 
248.1 and m/z 645.1, corresponding to the dicationic and monocationic tin cryptand 
complexes, respectively.
X-ray quality crystals were grown from a concentrated solution of THF and data 
were collected at low temperature (Figure 2.14). The data indicate that there are two 
crystallographic tin sites, Sn(l) and Sn(2), both associated with cryptand ligands, and
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four triflate moieties within a formula unit. Selected bond lengths are listed in Table 2.1. 
As noted in the X-ray structures of 43 and 44, the tin-cryptand oxgen and nitrogen bonds 
are all elongated in comparison to covalent Sn(II)-0/N bonds, but are within the range 
reported for crown ether complexes, 28-32.22-24,37 Three triflate anions are completely 
separated from the tin centre given the long tin-triflate oxygen distances which range 
from 5.062(4)-6.177(3) A and the S-0 bonds all being approximately of equal length. An 
oxygen (0(22)) of one triflate is in close proximity to one of the tin atoms (Sn(2)) at a 
distance of 2.664(4) A. Although the magnitude of this distance is greater than reported 
values for some covalent Sn(II)-0(triflate) interactions,24’29’33’35 there is one sulfur- 
oxygen bond within the triflate moiety that is significantly longer than the other two, 
which indicates that there is a weak bonding interaction between this oxygen and the tin 
atom.
NBO calculations also offer the opportunity to quantify the nature of the 
interactions between the two crystallographically distinct tin atoms and the cryptand 
moieties. Calculations were performed for Sn(l) and Sn(2) separately. The Wiberg bond 
index of the Sn(2)-0(22) (triflate) interaction is only 0.14, which is not significantly 
greater than the bond index between the tin centre and the cryptand oxygens ranging from 
0.10 to 0.13. The value of 0.14 is also not significantly greater than the value between 
the Sn(l) centre and the nearest triflate oxygen (0.10), suggesting that there is no 
significant bonding present.
While the calculated bond orders of the two tin atoms did not differ significantly, 
the calculated residual positive charge on the tin centres gave significantly different 
results. The Sn(2) atom has a calculated charge of +1.25. While this is greater than the
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expected +1 charge for a generic monocation, it is very similar to the value calculated for 
of 43. The Sn(l) atom, in contrast, has a calculated charge of +1.44, very similar to the 
+1.38 found for 36.
Figure 2.14: Thermal ellipsoid plot (30% probability surface) of 46. Selected bond
lengths are listed in Table 2.1.
The 119Sn Mossbauer spectrum (Figure 2.15) of 46 consists of a single (major) Sn 
resonance with a small quadrupole interaction, as well as an impurity at an isomer shift 
close to zero, which can be assigned to SnC>2.45 The isomer shift of 46 is the largest of all 
the complexes, indicating that there is more s-electron character consistent with a more 
ionic tin centre. The small quadrapole splitting (QS) is indicative of a more symmetrical 
environment, which is consistent with the tin atom only weakly associating with the 
heteroatoms of the cryptand and one triflate anion. The IS and QS parameters (listed in 
Table 2.2) of the major resonance are only moderately temperature dependent and do not
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justify extraction of Meff and 0 M values from the available data. On the other hand, the 
temperature-dependence o f / i s  well accounted for by a linear regression (R = 0.99 for 7 
data points), and thus, yields a value of Fm.iso = 2.630+0.027 from the ME data and Fx.iso 
= 2.631+0.085 from the X-ray data, in excellent agreement with each other.
Figure 2.15: 119Sn Mossbauer Spectrum of 46 at 92.7 K. The cation resonance (red) and 
an impurity of Sn02 (blue) components are indicated.
U9Sn solid state NMR spectroscopy was also used to characterize 46. The MAS 
spectrum (Figure 2.16B) was collected at a spinning speed of 17 kHz. This resulted in 
one very narrow signal with an isotropic shift o f -1533 ppm. This observation contradicts 
the X-ray data of 46 which indicates that there are two crystallographically different tin 
sites. If this was the case, you would expect to see two tin signals in the 119Sn SSNMR 
spectrum. The static u9Sn spectrum (Figure 2.16A) was collected resulting in a signal 
that was only 30 kHz broad at half height, significantly different than 43-45. Simulation 
of this signal resulted in a span of 140 ppm and a skew of 0.45. This chemical shift and
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narrow spectrum is similar to those calculated for the dicationic crown ether complexes 
(32 (<5jS0 -1405), 30 (<5jso-1721 and -1706)) studied by Macdonald and coworkers.
Figure 2.16: A) Static 119Sn spin echo spectrum of 46. The solid trace indicates the 
simulated spectrum. B ) 119Sn MAS spectrum of 46 (vTOt= 16 kHz)
The X-ray structural data was used to calculate the SSNMR parameters for Sn(l) 
and Sn(2). Interestingly, the calculated parameters for the Sn(2) atom predicted an 
isotropic chemical shift of -1165 ppm, a span of 531 and a skew of 0.11. When 
simulated, the overall shape of the spectrum is not consistent with the experimental data. 
The overall shape and chemical shift range is quite similar to those observed for 43-45. 
The calculated parameters of Sn(l) gave values more consistent with experiment; an 
isotropic shift of -1520 ppm, span of 279, and a skew of -0.05. When simulating the 
calculated spectrum, the data fit well with experimental results. The solid state 19F NMR 
spectrum was collected to determine if there were four distinct fluorine signals in the
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solid state, as would be expected from the X-ray structure if there were two 
crystallographically different tin sites. Two signals with isotropic shifts of -78.9 and -
80.5 ppm were observed (Figure 2.17). The chemical shifts are consistent with ionic 
triflates,55,56 as was noted from the solution state data. This data complements the 119Sn 
SSNMR data, indicating that 46 is dicationic with only one tin site.
Figure 2.17: 19F MAS spectrum (vnt= 16.0 kHz) of 46.
Isotropic shifts were systematically overestimated for all compounds, 43-46 and 
[NBii4][SnX3], suggesting that the difficulty may partially lie with the calculated value 
for the shielding of the standard. There is a linear (R2=0.96) correlation between the 
experimental and calculated shifts (Figure 2.18). If there were perfect 1:1 agreement 
between the experimental and theoretical isotropic shifts, the slope of the line in Figure 
S8 would be exactly 1; however the slope is 1.25, suggesting that while there is a 
systematic overestimation, the overall agreement between the experimental and 
theoretical shifts remains reasonable. While the span and skew of the anions were 
generally better reproduced in the anions, the opposite appears to be true for the isotropic
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shift. The theoretical shifts of the cations lie much closer to the 1:1 line than those of the
anion.
[NBu4][SnX3], excluding the isotropic shift for the anion of 45a. The dotted line is the 
line of best fit and the solid line represents a 1:1 correlation.
From the available data for 46, we believe that a tin atom is within the cavity of 
cryptand[2.2.2] forming a dicationic complex. This is supported by all data except the X- 
ray structure which indicates that there is a weak association with one inflate anion. The 
mono- and dicationic species were observed in the ESI-MS spectrum, which may be a 
result of aggregation in the gas phase. A signal assigned to the monocation of the 
germanium(II) cryptand complex was also observed in the mass spectrum of the dication 
36.14 The single tin signals in the both the 119Sn ME and SSNMR spectra support the 
assignment of the dicationic complex. This is further supported by the chemical shift of
i
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the single signal in the 19F NMR spectrum in solution and the two signals in the solid 
state as there would be two triflates per tin atom, both indicative of an ionic triflate.
2.3 Conclusions
The reaction between a tin(II) precursor and cryptand[2.2.2] results in the 
formation of either a tin(II) monocationic complex with the cryptand where the halide is 
covalently bonded to the tin atom or a dicationic tin(LI) cryptand complex with triflate as 
the counterion. The results are in contrast with the analogous germanium chemistry, 
which produced a dicationic Ge(II) complex with cryptand[2.2.2] (36).14 This difference 
could be attributed to the size of tin versus germanium, potentially requiring a larger 
cryptand to fully encapsulate tin(II). However, the diameter of the cavity in 
cryptand[2.2.2], in its optimal conformation, is 2.80 A.17 Lead(II) has an ionic radius of 
1.19 A,28 larger than that of tin(II), 1.12 A,28 and complexes with cryptand[2.2.2], to give 
either a mono- or dicationic complex with external coordination with water or counterion 
molecules.17,18 The behaviour of tin(II) falls between that of germanium(II) and lead(II); 
depending on the substituents, the tin will either maintain a covalent bond and form a 
monocationic complex, or completely interact with the heteroatoms of the cryptand and 
form a dicationic complex. Similar results have been observed in the case of the Ge(II) 
(37-41) and Sn(II) (28-32) crown ether complexes. When 15-crown-5 is added to the 
reaction mixture, the germanium forms a monocationic complex where it is located 
within the cavity of the crown ether with a chloride covalently bound. In the tin case, a 
sandwich complex is formed. This demonstrates the size difference between these two
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ionic atoms, which could explain the variation between the germanium and tin cryptand 
complexes.
2.4 Experimental
All manipulations were carried out under an anhydrous N2 atmosphere using 
standard Schlenk line and glove box techniques at room temperature. Tetrahydrofuran 
(THF), hexanes, and acetonitrile were dried by passing through an alumina column and 
then stored over 4 A molecular sieves. CD3CN was distilled over CaH^ and then stored 
over 4 A molecular sieves. NMR chemical shifts are reported in ppm. The 'H NMR 
spectra were referenced internally to the residual CD2HCN resonance at 1.94 ppm. The 
19F NMR spectra were referenced externally to CFCI3 (0 ppm) or to C6H5F (-113.1 ppm 
relative to CFCI3). 13C spectra were reference to the 13C central transition (1.32 ppm) of 
CD3CN. All other chemicals were purchased from commercial sources and used without 
further purification. FT-Raman spectra of the bulk material are reported in cm"1 and were 
collected under a N2 atmosphere in a sealed melting point tube. Melting points were 
determined under a N2 atmosphere and are uncorrected.
2.4.1 Synthesis of 43 and Direct Synthesis of 45 and 46
In a glove box, tin(EI) chloride (0.05 g, 0.3 mmol), tin(II) iodide (0.05 g, 0.1 
mmol) or tin(II) triflate (0.05g, 0.1 mmol) was dissolved in THF (6 mL) in a 100 mL 
round bottomed flask. Cryptand[2.2.2] (0.05 g, 0.1 mmol) was added to the reaction 
mixture to give a clear colourless solution. A white or yellow solid precipitated from the 
solution within one minute. The mixture was allowed to stir for 30 min. Hexanes (6 mL)
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were added to the solution. The supernatant was removed and the white or yellow solid 
was placed under high vacuum (0.09 g, 90.0%).
43: white solid, mp: 172-176 °C. *H NMR (CD3CN): 5 2.78-2.83 (m, 2H), 3.67 (s), 3.65- 
3.70 (m, together 4H). 13C NMR (CD3CN): 5 37.87, 69.38, 70.46. Raman: cm' 1 2959 (s), 
2928 (s), 2886 (s), 2840 (s), 1480 (w), 1462 (m), 1452 (m), 1366 (w), 1294 (w), 1271 
(m), 1236 (w), 1165 (w), 1131 (w), 1116 (w), 1096 (w), 860 (m), 748 (m), 293 (s), 260 
(s), 136 (s), 111 (s). ESI-TOF MS (+ve mode): m/z 531.1 (M+) [Cryptand-Sn-Cl+, 10 %]. 
High resolution ESI-MS for Cryptand-Sn-Cl+ calc 527.1279, found 527.1267.
45: yellow solid, mp: 178-180 °C. ]H NMR (CD3CN): 8 5: 2.85-2.95 (m, 2H), 3.68 (s), 
3.68-3.74 (m, together 4H). 13C NMR (CD3CN): 8 37.46, 69.18, 70.01. Raman: cm' 1 = 
2910 (m), 2884 (m), 1472 (w), 1455 (w), 1274 (w), 856 (w), 748 (w), 130 (s), 85 (m). 
ESI-TOF MS (+ve mode): m/z 623 (M*) [Cryptand-Sn-1*, 100 %]. High resolution ESI- 
MS for Cryptand-Sn-14 calc 623.06436, found 623.06432.
46: white solid, mp: 260 °C decomp. !H NMR (CD3CN): 5 2.81-2.86 (m, 2H), 3.77 (s), 
3.76-3.80 (m, together 4H). 13C NMR (CD3CN): 5 37.41, 69.41, 70.02. 19F NMR 
(CD3CN): 8 -79.36 (s). Raman: cm' 1 = 2931 (s), 2894 (s), 1471 (m), 1279 (m), 1224 (m), 
1032 (s), 859 (w), 754 (s), 573 (m), 348 (m), 313 (s), 120 (w), 85 (s). ESI-TOF MS (+ve 
mode): m/z 645 (M4) [Cryptand-Sn-OTf, 50 %], 248 [Cryptand-Sn-2+, 40 %]. High 
resolution ESI-MS for Cryptand- Sn-I* calc 641.1111, found 641.1124.
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2.4.2 Typical Syntheses of 44 ,45a and 46
In the glove box, tin(II) chloride (2 equiv) was dissolved in THF (6 mL) in a 100 
mL round bottom flask. Cryptand[2.2.2] (1 equiv) was added followed by Me3SiX (X = 
Br, I, OTf, 4 equivalents). The mixture was allowed to stir for 30 min. Hexanes (6 mL) 
were added to the mixture; a solid precipitated. The supernatant was removed and the 
solid was placed under high vacuum.
44: X = Br, white solid, mp: 174-178 °C. *H NMR (CD3CN): 8 2.84 (br s, 2H), 3.67 (br 
m, 4H). 13C NMR (CD3CN): 5 37.55, 69.29, 70.25. Raman: cm'1 2961 (w), 2918 (s), 
2893 (s), 2875 (s), 2836 (m), 2804 (w), 1479 (w), 1465 (w), 1453 (w), 1270 (w), 860 (w), 
748 (w), 311 (w), 267 (w), 202 (s), 182 (s), 86 (s). ESI-TOF MS (+ve mode): m/z 575 
(M+) [Cryptand-SnBr+, 100 %].
2.4.3 119Sn Mossbauer spectroscopy (Data collected by Rolfe H. Herber)
43, 44, 45a and 46 were shipped from Canada to Israel under anhydrous 
conditions in O-ring sealed sample holders. The sample holders were then transferred 
within a few seconds to liquid nitrogen storage prior to mounting cold in the spectrometer 
cryostat. The samples were examined in transmission geometry as described previously58 
using a CaSn03 source at room temperature. Spectrometer calibration and temperature 
monitoring were effected as described previously, and all isomer shifts are reported with 
reference to a room temperature BaSn03 absorber spectrum. Data fitting assuming 
Lorentzian line shapes, was carried out using a matrix inversion least squares fitting
routine.
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2.4.4 119Sn SSNMR Spectroscopy (Data collected by Margaret A. Hanson)
All solid state NMR spectra were acquired on a Varian Infinity 400 MHz 
spectrometer. Experimental setup and pulse width calibration for one pulse and spin echo 
experiments were performed on solid tetracyclohexyltin. Chemical shift referencing was 
performed relative to this sample (-97.3 ppm relative to SnMe4). Optimization of the 
WURST-CPMG sequence was carried out on tin(II) oxide.
MAS experiments were carried out using a 4 mm HXY MAS probe in dual 
resonance mode. A one pulse (30°) sequence with proton decoupling was employed 
Recycle delays were selected to allow full relaxation. Static experiments were carried out 
using an HX static probe in dual resonance mode. The majority of these experiments 
employed a WURST-CPMG59 sequence consisting of a WURST-80 pulse followed by a 
series of identical refocusing pulses. For the triflate complex, a standard (t/2-t-tc-t- 
acquisition) spin echo experiment was employed.
2.4.5 SSNMR Spectral Simulation (Performed by Margaret A. Hanson)
Experimental parameters were determined by analytical simulations using 
WSolids.60 MAS spectra were analyzed using the Herzfeld-Berger analysis package 
included with WSolids. Errors were determined by visual comparison to the experimental 
spectrum. Starting from the best fit value, the parameter being evaluated was varied 
systematically in both directions while all others were held constant until a visible change
was observed.
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2.4.6 Theoretical Calculations (collected by Margaret A. Hanson)
Geometry optimizations were performed in Gaussian 0943 using the TPSSTPSS44 
functional and the LAN2DZ basis set on all atoms. Calculation of 119Sn CS parameters 
was carried out in ADF44 using the BPVWN functional and a Q4ZP basis set on tin with 
T2ZP employed on all other atoms. All electron basis sets were optimized for the ZORA 
method. All calculations were performed on the Shared Hierarchical Academic Research 
Computing Network (SHARCNET). Calculations were performed on an 8 core Xeon 
2.83 GHz CPU with 16 GB memory.
2.4.7 Single Crystal X-ray Diffraction Experimental Details (Data collected by Paul 
A. Rupar)
Each crystal was covered in Nujol and placed rapidly into the cold N2 stream of a 
Kryo-Flex low temperature device. The data were collected either by employing the 
SMART61 software on a Bruker APEX CCD diffractometer or by using the COLLECT62 
software on a Nonius KAPPA CCD diffractometer, each being equipped with a graphite 
monochromator with Mo Ka radiation (X = 0.71073 A). For each sample, a hemisphere 
of data was collected using counting times of 10-30 seconds per frame. The data were 
collected at -123 °C. Data reductions were performed using the SAINT63 software and 
the data were corrected for absorption using SADABS64 or using the DENZO-Scalepack 
application.65 The structures were solved by direct methods using the SHELX66 suite of 
programs and refined by full-matrix least-squares on F2 with anisotropic displacement 
parameters for the non-H atoms using SHELXL-9766 and the WinGX67 software package. 
Details of the final structure solutions were evaluated using PLATON and thermal
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ellipsoid plots were produced using SHELXTL.66 Crystallographic data are listed in 
Table 2.4.
Table 2.4. Crystallographic Data for compounds 43, 44 and 46.
43 44 46
Empirical Formula CI8H36Cl4N2 06
Sll2
Ci8 ILôBfy N2 Oô 
Sn2
C40 H72 Fj2 N4 
O24 S4 Sn2
Formula Weight 755.67 933.51 1586.64
Crystal System Monoclinic Monoclinic Monoclinic
Space Group P 2(1) P  2(1) P  2(l)/n
a( A) 8.4411(11) 8.4816(17) 12.7912(12)
b(A) 11.2137(15) 11.541(2) 30.622(3)
C( A) 14.493(2) 14.656(3) 15.4832(15)
an 90.00 90.00 90
i Q 91.529(9) 90.21(3) 96.930(3)
a(°) 90.00 90.00 90
Volume (A3) 1371.4(3) 1434.6(5) 6020.3(10)
z 2 4
Data/restraints/parameters 6406/1/290 6366/1/290 12316/41/794
Goodness-of-fit 0.953 1.105 1.005
R [I>2o(I)l 0.0550 0.0373 0.0649
wR2 (all data) 0.1318 0.1129 0.0867
Largest diff. peak and hole 1.661 1.228 0.814
(eA-3) -1.516 -1.659 -0.746
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Chapter 3
Reactivity Studies of Germanium(II) and Tin(II) Cationic Cryptand Complexes
3.1 General Introduction
Low valent group 14 monocations have a lone pair of electrons and two vacant p-orbitals; 
dications have three vacant p-orbitals (Chart 3.1). Group 14 dications 29, 31-34, 36, 37 and 46 
are stabilized solely by the non-covalent interactions with cyclic polyethers; monocations 28, 30, 
35, 38-45 have an additional covalent bond with a substituent. Both types of cations are 
envisioned as useful synthons for group 14 compounds because the cyclic ether should be easy to 
displace. Thus, we believe these cations will be more versatile as synthons, compared to group 
14 cations stabilized with N-heterocyclic carbenes and /3-diketiminates. ’ To date, there have 
been few studies of the reactivity of the reported cationic complexes.
* 0
R - E  :
<?ù
Q»E o  <?0-
2+
E = Si, Ge, Sn, Pb 
Chart 3.1
3.1.1 Germylenes and Stannylenes
Germylenes and stannylenes have singlet ground states. Similar to singlet carbenes, the 
germanium or tin has a lone pair of electrons and an empty p-orbital, making the germylene or 
stannylene amphoteric (Chart 3.2). Due to their amphoteric nature and low oxidation state,
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organogermylenes and organostannylenes are, in general, reactive and difficult to isolate in the 
condensed phase.4'6
Chart 3.2
Significant advances have been made in the synthesis of stable, isolable germylenes. 
Techniques used to stabilize these compounds are similar to the strategies employed to stabilize 
cationic complexes of group 14.4'6 The use of bulky ligands to kinetically stabilize the divalent 
compounds (Chart 3.3 A-C) ’ has been successfully employed to synthesize a variety of stable 
diorganogermylene and stannylene derivatives. The use of donors has also been employed to 













3.1.2 Reactivity of Germylenes
The reactivity of germylenes, stable or transient, has received much attention.4'6 
Trapping reagents are commonly employed to provide evidence for the existence of transient 
germylenes. An ideal trapping reagent is one which reacts with a transient germylene cleanly
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and in high yield. The common driving force of these reactions is the formation of two new 
covalent bonds during the transformation from Ge(II) to Ge(IV). Diketones and dienes are 
commonly used as germylene traps (Scheme 3.1).4'6
Scheme 3.1
3.1.3 Reactivity of Low Valent Group 14 Cations
Low valent group 14 cations are expected to be highly electrophilic and can, in principle, 
react with many types of nucleophiles. Although reactivity studies of group 14 cations are 
limited, studies of the reactivity of 9 and 36 have been reported, in which they are synthons for 
divalent silicon and germanium compounds.
The addition of lithium bis(trimethylsilyl)amide to 9 resulted in the formation of the 
silylene, Cp*SiN(SiMe3)2 (47), which readily dimerizes to the disilene, £’-[(rj1- 
Cp*)(N(SiMe3)2)Si]2 (48) (Scheme 3.2).13 Thus, the silicon cation 9 can be regarded as an 
intermediate of a true silyliumylidene-type cation, where the interaction with the Cp* ligand is 
r]1. Further investigations confirmed the intermediacy of 47.14 The existence of 47 was 







Cation 9 was reacted with the lithium salt ((2,6-(2,4,6-triisopropylphenyl)phenyl = Ar*), 
LiAr*-Et20 in hexanes at -80 °C resulting in the formation of LiB(C6F5)4 and Me5C5SiAr*-0.5 
hexane (49) (Scheme 3.3).15 Compound 49 was characterized by X-ray diffraction and shown to 
be a monomeric silicon(II) species with an ^ -bound Cp* ligand and a a-bonded Ar*. 
Surprisingly, stable, isolable aryl-substituted silylenes (A^Si or ArSiR, where Ar is an aryl 
group) were unknown prior to this example. This experiment is a clear illustration of the 
synthetic utility of a cationic complex.
Scheme 3.3
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Cation 9 was also reacted with Li(nacnac) (nacnac= /3-diketinimate) resulting in the 
formation and isolation of 51.16 The authors proposed the initial formation of a silicon(II) 
compound, 50, containing a n-Cp* substituent and a chelating /3-diketiminato group which 
rearranges to form the silicon(IV) compound 51 via reductive cleavage of the N-C (imine) bond 




Preliminary studies of the reactivity of the germanium(II) dicationic cryptand complex 
36 demonstrated its synthetic utility. Potassium tert-butoxide, KO'Bu, and carbene 12 were 
added to a solution of 36 resulting in the formation of NHC-Ge(0 'Bu)2 (52).17
In this chapter, the reactivity of 36 as a synthon for Ge(II) compounds, as well as 
reactivity studies of 43 and 46 as synthons for Sn(II) compounds is discussed. Attempts to 
abstract the halide from the monocationic tin(II) cryptand complexes, 43-45, as well as 
competition reactions of 46 with crown ethers are also reported.
3.1.4 Germanium(II) Cryptand Complex 36 as a Germylene Synthon
The precedence for the formation of silylenes and germylenes from group 14 cations 
prompted us to determine if 36 could also be used as a general synthon for germylenes. Since
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germylenes are inherently unstable, trapping reagents were required: 2,3-dimethylbutadiene 
(DMB) and 3,5-di-/er/-butyl-or//zo-benzoquinone (3,5-DtBoQ) (Chart 3.4). Our group has also 
demonstrated the use of N-heterocyclic carbenes (NHC) for the stabilization of germylenes.18'21 
The use of NHCs as trapping reagents allows the germanium atom to remain in the +2 oxidation 
state. The iso-propyl substituted N-heterocyclic carbene 12 was also utilized as a trapping 
reagent.
Chart 3.4
The addition of the following anions to 36 was studied: potassium teri-butoxide (KO'Bu), 
mesitylmagnesium bromide (MesMgBr) and potassium thiocyanate (KSCN) (Chart 3.5). Given
MgBr
Chart 3.5
that the germanium is expected to be highly electrophilic and may interact with weaker 
nucleophiles, the addition of neutral reagents was also studied. These include phenylacetylene
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(PhCsCH), trimethylsilylacetylene (TMSC^CH) and /eri-butanol ('BuOH) (Chart 3.5). In
these cases, cryptand[2.2.2]H22+ may precipitate from solution, facilitating the isolation of the
trapped germylene (Scheme 3.5).
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Scheme 3.5
The reactivity of acetylacetone, dibenzoylmethane, and their corresponding conjugate 
bases, towards 36 were also investigated. Due to the presence of an internal donor atom, the 
need for an external trapping reagent was eliminated.
3.2 Results and Discussion
3.2.1. Reactivity in the Presence of NHC 12, DMB and 3,5-DtBoQ
Carbene 12 was added to a solution of 36 dissolved in THF followed by the addition of 
an anionic reagent. Upon addition of the anionic reagent, the cloudy, white solution of 36 in 
THF immediately went clear and either colourless (KO'Bu and KSCN) or yellow (MesMgBr). 
Removal of the solvent afforded a solid that was identified as the NHC-stabilized germylenes, 
52-54, by comparison of the 'H NMR spectral data to literature values (Scheme 3.6).19 The 
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The addition of the neutral reagents (PhC =  CH, TMSC = CH and 'BuOH) to a THF 
solution of 36 resulted in the formation of cryptand[2.2.2] and protonated carbene 12 as 
determined by 'H NMR spectroscopy. No species containing germanium were isolated.
Using the same methodology, DMB was added as the trapping reagent to a solution of 36 
and an anionic reagent. Surprisingly, the addition of DMB and MesMgBr to a THF solution of 
36 did not result in the expected cycloadduct 55 (Scheme 3.7). Similar results were obtained 
when using KO'Bu. The addition of the neutral reagents, in place of MesMgBr, also did not 
result in the desired cycloadduct; a complex mixture was obtained in each case.
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Scheme 3.7
The apparent failure of DMB to trap MesaGe, where NHC 12 did, was puzzling and 
prompted us to investigate the use of 3,5-DtBoQ, another well-known trapping reagent for 
germylenes.
3,5-DtBoQ was added to a THF solution of 36 followed by either MesMgBr or KO'Bu. 
The addition of MesMgBr to the solution resulted in the formation of two products 56 and 57, as 
evidenced by 'H NMR spectroscopy (Scheme 3.8). Upon exposure to air, 57 (predicted to be the
3,5-DtBoQ-stabilized GeMesBr) disappeared and the formation of two new products was 
observed, 58 and 59 (Scheme 3.8). The reaction mixture was separated by thin layer 
chromatography (TLC). 58 and 59 were characterized by 2D NMR spectroscopic experiments, 
and identified as 3,5-DtBoQ-stabilized GeMesH (58) and 3,5-DtBoQ-stabilized GeMesOH (59). 
Although 56 was obtained in low yield (10% after purification), these results demonstrate the 
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Scheme 3.8
The addition of KO'Bu to the reaction mixture of 3,5-DtBoQ and 36 in THF did not result 
in the 3,5-DtBoQ trapped germylene 60; a complex mixture was obtained. (Scheme 3.9).
OtBu
OTf 2 KO'Bu 




An anionic nucleophile appears to be required to abstract the germanium from the cavity 
of the cryptand of 36. Subsequent trapping of the germylene with either an NHC or 3,5-DtBoQ 
is possible; however, it is not clear as to why the reaction with DMB was unsuccessful. If a 
germylene is formed along the reaction pathway, DMB should be able to trap it, similar to 3,5- 
DtBoQ, and thus, the results suggest that a germylene is not formed during this reaction. Further
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investigations are required. The difference in reactivity between DMB and 3,5-DtBoQ indicates 
that 3,5-DtBoQ is a more effective trap for germylenes. The use of NHC as a trapping reagent, 
in comparison to DMB and 3,5-DtBoQ, does not change the oxidation state of the germanium. 
This may account for the observed differences in reactivity.
3.2.2 Acetylacetonate Stabilized Germylene and Stannylene Compounds
Acetylacetone (acac) (61a), dibenzoylmethane (61b) and their conjugate bases (62a/b) 
(Chart 3.6) are unique in that they may form a covalent bond with one oxygen and the other may 
donate electron density to the electron deficient germanium or tin atom, thus, a trapping reagent 
is not required.
0  0  O o 0@Na
r A ~ A r R ^ ^ R
61 a R= Me 62 a R= Me
b R= Ph b R= Ph
Chart 3.6
Acetylacetonate has been employed as a ligand for the formation of stable germylenes 
and stannylenes.23-27 The air- and moisture-sensitive [Ge(acac)X] (63) (X= Cl, I or acac)23 
(Chart 3.7) were synthesized by the addition of sodium acetylacetonate to a refluxing solution of 
Gel2 or CsGeCb in THF and characterized by mass spectrometry, IR and 'H NMR spectroscopy. 
The compounds were determined to be monomeric in solution. The X-ray structure of 63, where 
X= I, was published a few years later.24 The addition of Br2, ¡2 and Mel to Ge(acac)2 yielded the 
appropriate oxidative addition product [XGe(acac)2Y] (X=Br, I; Y=Br, I, Me). Other derivatives
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of this divalent germanium compound were synthesized using the appropriate sodium salt (64a-
X  = Ci, I
63 64 a: R= R'=tBu
b: R= benzyl R -M e  
c: R= R'= Ph 
d: R= C F3 R'= Me 
e: R= R'= CF3
Chart 3.7
Complexes of tin(II) with diketonates (Chart 3.8) were first reported in 1973 by Noltes 
and coworkers.25 The most convenient method of preparation was the reaction of tin(II) chloride 
with the sodium salt of a 1,3-diketone in a solution of THF. The same compounds can also be 
prepared by acidolysis of dicyclopentadienyltin with a /3-diketone. Three derivatives were 
synthesized: acetylacetonate, dipivaloylmethanate and pivaloylacteonate (65a-c). Compounds 
65a-c were very soluble in apolar solvents, which is atypical for both inorganic and organic 
tin(II) compounds. The solubility of 65a-c is credited to the coordinative saturation of the tin 
atom, which prevented intermolecular coordination. Like 63 and 64, the complexes were 
determined to be monomeric in benzene solution and Mossbauer data confirmed the oxidation 
state of the tin atom.
The reactivity of 65a-c26 and the fluorinated derivatives of 65a27 has been reported. In 
contrast to tin(II) halides, tin(EI) bis(acetylacetonate) derivatives 65a-c reacted smoothly with 
organic halides at room temperature to give the corresponding oxidative addition products. The
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rate of reaction was enhanced in the presence of light suggesting that the reaction proceeds via a 
free radical mechanism. Although tin(II) chloride is easily methylated by Me4Sn at room 
temperature, 65a-c fail to react with Me4Sn.
65 a: R= R'= Me 66 67
b: R= R'=fBu 
c: R= Me, R -  feu
Chart 3.8
Recently, Lunin and coworkers28 reported the formation of Sn(acac)OTf (66) (Chart 3.8), 
in the reaction between Sn(acac)2 and methyl trifluoromethanesulfonate. Compound 66 is a rare 
example of a monoacetylacetonato tin(II) derivative. The compound crystallizes as a 
coordination polymer, with bidentate triflate ligands bridging the tin atoms.
The film-forming capacity (FCC) of tin(II) acetylacetonate 67 in hydrochloric acid 
(Chart 3.8). has been investigated and the complexes show promise as thin film materials.29
3.2.3 Reactivity with Cryptand Complexes 43,46 and 36
The addition of 61 with both the tin-chloride monocation 43 and the tin dication 46 was 
explored. The reaction of 43 or 46 with one equivalent of 61a resulted in the formation of the 
same complex 68 (Scheme 3.10) and cryptand[2.2.2]H22+. Cation 46 completely reacts within a 
few hours, whereas 43 take days to go to completion. Attempts to separate the product from 
cryptand[2.2.2]H2 by trituration, filtration through a silica plug or recrystallization have been 
unsuccessful to date. The addition of excess 61a resulted in the formation of the same complex
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68; however, the separation of excess 61a also proved to be difficult. Exposure of the solution 
mixture containing 68 to air resulted in the disappearance of 68 and the formation of 61 as 
observed by 'H NMR spectroscopy. Compound 68 was also characterized by 19F NMR 
spectroscopy; a single signal at -79.36 ppm was observed, indicative of an ionic triflate.30,31 
Electron impact (El) mass spectrometry of 68 gave a molecular ion cluster centred at m/z 318 
corresponding to Sn(acac)2. The signals at 1575 and 1521 cm' 1 in the IR spectrum of 68 was 
assigned to the C=0 vibrations. The shift to lower wavenumbers in 68 compared to 61 is 
indicative of a complexed acetylacetone ligand. Reaction of 43 or 46 with sodium 
acetylacetonate (62a) in THF resulted in the formation of the same complex, 68, as determined 
by 'H NMR spectroscopy. Difficulties separating 68 from the cryptand species by trituration, 
filtration through a silica plug or recrystallization were, once again, encountered. Reaction of 43 
or 46 with 61b or 62b afforded the analogous 69 and some byproducts. The structural 
assignment of 69 was supported by EI-MS data which revealed a cluster of signals centred at m/z 
566.
non
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43 68 R=Me 46
69 R= Ph
Scheme 3.10
The germanium cation 36 was treated with 61 or 62 under the same conditions as 43 and 
46. The reactions were significantly slower than the reactions of 43 and 46. The formation of an 
acac-containing product was observed by 'H NMR spectroscopy; however, the complex was not
[OTfJa
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formed in high yield and, therefore, was not isolated. The reaction conditions need to be 
optimized in order to be able to isolate and characterize the complex.
The use of acetylacetone and its derivatives shows no advantage for an anionic 
nucleophile over a neutral compound as reactions with both 61 and 62 result in the same 
stannylene compound. The pKa of acetylacetone (9) is significantly lower than the pKas of the 
other neutral reagents, which are 17 for 'BuOH and 23 for PhC sCH. The increased reactivity of 
acetylacetone may be attributed to the increased acidity. Neutral reagents with intermediate 
pKas, compared to the reagents studied, should be investigated to further support this hypothesis.
3.3 Ligand Exchange and Halide Abstraction
The group 14 cations 9-11, 13, 16, 17, 19-25, 27-46 all have one thing in common; they 
are stabilized by donor interactions. These complexes could be synthons for other cationic 
complexes through ligand exchange on the cationic group 14 centre. This type of reaction has 
been investigated for the silicon cation 9.
The reaction of 9 with a variety of substituted lithium cyclopentadienides leads to the 
formation of stable silicocene derivatives.32 Attempts to generate cationic species were 
examined using the proton transfer reagent [H(OEt2)2][Al(OC(CF3)3)4]; however, with the 
exception of the fro-propyl derivative, no new cations were formed. The silicocene 
pentamethylcyclopentadienyl[(penta-wo-propyl)cyclopentadienyl]silicon(II) (70) (Scheme 3.11), 
was formed from the addition of Lii'PrsCs) to a solution of 9. Upon the addition of 
[H(OEt)2][Al(OC(CF3)3]4, the cyclopentadienylsilicon(II) cation 71 was formed.32
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Scheme 3.11
3.3.1 Competition Studies Cryptand Complex 46 and the Crown Ether Complex 31
Cations 46 and 31 are similar in nature; both are dications with triflate counterions. We 
were interested in investigating which ligand is preferred. Cation 31 was synthesized following 
the literature procedure. Cryptand[2.2.2] was added to a solution of 31 in THF. The reaction 
mixture was allowed to stir overnight. Upon removal of the solvent, the resulting sticky oil was 
characterized by 'H and 19F NMR spectroscopy. 15-crown-5 and 46 were formed in quantitative 
yield. The addition of two equivalents of 15-crown-5 to a solution of 46 in THF resulted in no 
reaction. These preliminary reactions indicate that the tin cation prefers to be complexed by a 
cryptand ligand rather than two crown ether molecules in a sandwich complex, an illustration of 
the macrocyclic effect.34
3.3.2 Halide Abstraction from Monocationic Cryptand Complexes of Tin(II) Cations
Dication 46, with no covalently attached ligands, is an ideal synthon for tin(II) 
compounds. Thus, the conversion of the monocations 43-45 to dication 46 was investigated.
Silver(I) salts are commonly used to abstract halides as the precipitation of the insoluble 
silver(I) halide shifts the equilibrium.35 Due to the fact that silver(I) chloride is the most 
insoluble,36 we began with examination of the reaction of 43 with silver hexafluorophosphate
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(AgPFg). Cation 43 was dissolved in THF and one equivalent of AgPF6 was added to the 
solution. A white precipitate was observed. Separation via centrifugation and removal of the 
solvent from the mother liquor resulted in the isolation and characterization of white solid, 72. 
The 'H NMR signals of 72 were broad compared to those of 43; however, the pattern remained 
the same indicating an intact cryptand in a different environment. The FT-Raman spectrum of 
72 was inconclusive, no absorptions could be identified. The ESI-MS of the solid was quite 
diagnostic. There were no signals containing the characteristic isotopic pattern of tin; however, a 
signal was observed at m/z 483, corresponding to 12C181H3614N216Oe107Ag. The signal
corresponds to a monocationic complex between silver(I) and cryptand[2.2.2]. No reaction 
occurred with complex 44 as determined by ESI-MS. Reactions with 45 also resulted in the 
formation of the cryptand silver complex 72. From these observations, we conclude that the use 
of silver cations to abstract halides should be avoided as they appear to form complexes with 
cryptand[2.2.2] readily.
Group 13 compounds have been shown to abstract halides efficiently. These 
compounds are promising reagents for our purposes as they are neutral and result in the 
formation of an anion during the abstraction process, and thus, a cation will not be introduced. 
The reactivity of both boron and aluminum trichloride was explored. Boron trichloride and 
aluminum trichloride were added to a solution of complex 43. The 'H NMR spectra of the
2+ or
precipitate from each reactions was determined to be cryptand[2.2 .2]H2 .
Trityl and the analogous triethylsilyl salts have been shown to act as halide abstracting 
reagents. In these cases, a neutral species is produced after abstraction.39,40 Triphenylmethyl 
tetra(pentafluorophenyl)borate or triethylsilyl tetra(pentafluorophenyl)borate was added to
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solution of complex 43. Similar to the reaction between 43 and BCI3 or AICI3, the 'H NMR 
spectra of both products were consistent with cryptand[2.2.2]H2 .
3.4 Conclusions
3.4.1 Reactivity of 36
The use of 36 as a source of Ge(II) and Ge(IV) compounds has been demonstrated. 
There are several advantages that this system has over other methods used to synthesize similar 
germanium compounds; in general, the reaction times are short, typically the reactions are 
complete within one minute. Furthermore, the starting material, 36, can be easily synthesized in 
high yield in 30 min, and thus, one can go from a commercially available starting material to the 
desired germylene in approximately 40 minutes. The disadvantage is the cost of the cryptand to 
make 36. The initial results of the reactivity of 36 with the acac compounds, 61 and 62, are 
promising; however further investigations are required optimize the reaction conditions and to 
develop a method for separation of the products.
3.4.2 Reactivity of 43 and 46
The reactivity of 43 or 46 with 61 or 62 results in the formation of bis(acac) tin(II) 
complexes (68 and 69). Qualitatively, 46 reacts at a faster rate than 43. Given that the Sn-Cl 
must break in 43 to form the same complex as the reaction with 46, the relative rate can be 
understood. The main advantage of using a tin(II) cation as a starting material is the short 
reaction time, especially for 46, in comparison to literature procedures.26,27,41 For example, the 
synthesis of Sn(acac)2, requires two steps over 24 hours from commercially available materials. 
The Sn(acac)2 was formed in low yield and was difficult to purify via distillation. The
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disadvantage of our method is the separation of 68 and 69. Our initial studies into the 
competition between 15-crown-5 and cryptand[2.2.2] indicate that a tin(II) dication would rather 
complex with cryptand[2.2.2], which is attributed to entropy and is an excellent demonstration of 
the macrocyclic effect.34 Attempts to abstract the halide from the monocationic tin(II) cryptand 
complexes, 43-45, were unsuccessful. Silver reagents caused displacement of the tin from the 
cavity of cryptand[2.2.2], whereas other cationic and neutral halide abstracting reagents did not 
remove the halide from the tin atom, resulting in a protonated cryptand species which was 
attributed to trace acid in the reagents. Although further experiments regarding the reactivity of 
43 and 46 should be conducted, the results reported herein are a good indication that the tin(II) 
cationic complexes 43-45 will be useful starting materials for a variety of tin compounds.
3.5 Experimental Details
All experiments were carried out under a dry N2 environment at room temperature in a 
glove box. Solvents were dried by passing through an alumina column, degassed and stored over 
4 A molecular sieves. CD3CN and CeD6 were distilled over CaHh and LiAlH4, respectively, and 
then stored over 4 A molecular sieves. Compounds 12,42 36,17 31,33, 6226 and 
[Et3Si(toluene)][B(C6F5)4]43,44 were synthesized according to literature procedures. All other 
chemicals were purchased from commercial sources and used without further purification. NMR 
chemical shifts are reported in ppm. All spectra were acquired using CeD6 or CD3CN as the 
solvent. 'H NMR spectra were referenced to residual C6D5H (7.15 ppm) or residual CD2HCN 
resonance at 1.94 ppm. The 19F NMR spectra were referenced externally to CFCI3 (0 ppm) or to 
C6H5F (-113.1 ppm relative to CFCI3). I3C spectra were referenced to the 13C central transition
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(128.00 ppm) of C6D6. 13C signals were unambiguously assigned using 'H-13C gHSQC and 'H- 
13C gHMBC spectroscopy. Electron Impact (El) Mass spectral data was collected at 70 eV by 
Doug Hairsine; the ion identity and intensity are reported in brackets.
3.5.1 Preparation of 52
Carbene 12 (0.012 g, 0.067 mmol) was added, followed by potassium tert-butoxide (0.015 g,
0.13 mmol), to a suspension of 36 (0.05 g, 0.07 mmol) in THF (6 mL). The solution 
immediately became clear and colourless. The reaction mixture was allowed to stir for 30 min. 
The solvent was removed under vacuum, to give an off-white solid identified as 5219 by 'H NMR 
spectroscopy.
3.5.2 Preparation of 53
Carbene 12 (0.01 g, 0.05 mmol), followed by a solution of MesMgBr (0.87 M, 0.13 mL), was 
added to a suspension of 36 in THF (10 mL). Upon addition of the Grignard reagent, the white 
solution rapidly became a clear, yellow solution. The solvent was removed in vacuo. The 
resulting pale yellow solid was identified as 5319,45 by *H NMR spectroscopy.
3.5.3 Preparation of 54
Carbene 12 (0.01 g. 0.05 mmol), followed by potassium thiocyanate (0.01 g, 0.1 mmol), were 
added to a suspension of 36 (0.04 g, 0.05 mmol). The cloudy, white reaction mixture turned 
clear and colourless after 2 min. Since the KSCN did not fully dissolve, the reaction mixture 
was allowed to stir overnight. The solvent was removed under vacuum. The resulting beige 
solid was identified as 5419 by 'H NMR spectroscopy.
88
3.5.4 General Synthesis of the Reaction of 36 with DMB and Reagents
DMB (0.05 mmol) followed by KO'Bu, MesMgBr, or KSCN (0.1 mmol) were added to a 
suspension of 36 (0.04 g, 0.05 mmol) in THF. The solution became clear and colourless within 1 
min. The solution was allowed to stir for 30 min, after which time the solvent was removed in 
vacuo, to give a white residue which was analyzed by 'H NMR spectroscopy.
3.5.5 Typical Synthesis for the Addition of PhC =CH, TMSC =CH or 'BuOH and Trapping 
Reagents NHC or DMB to 36
PhC=CH, TM SCsCH or (BuOH (0.1 mmol) and carbene 12 or DMB (0.05 mmol) were added 
to a solution of 36 (0.04 g, 0.05 mmol) in THF. The solution remained a cloudy white 
suspension. After stirring for 48 hours, the solution was separated by centrifugation. The white 
precipitate was dried under vacuum. The solvent was removed from the supernatant under 
vacuum to give a white solid.
3.5.6 Preparation of 56, 58 and 59
3,5-DtBoQ (0.02 g, 0.08 mmol) and MesMgBr (0.30 mL of a 0.53 M solution, 0.16 mmol) were 
added to a suspension of 36 (0.06 g, 0.08 mmol) in THF. The solution went from a cloudy white 
to green upon addition of 3,5-DtBoQ. The solution went transparent and yellow within 1 min 
upon addition o f MesMgBr. The solvent was removed under vacuum to give a pale yellow 
residue. The residue was purified via TLC chromatography (80:20, DCM:hexanes) to give 56 (4 
mg),46’47 58 (8 mg) and 59 (5 mg).
58: !H NMR (C6D6): 5 1.13 (s, 9H), 1.64 (s, 9H), 2.00 (s, 6H), 2.08 (s, 3H), 6.02 (s, 1H), 6.53 (d, 
1H, J = 2.4 Hz), 6.70 (s, 2H), 7.17 (d, 1H, J = 2.0 Hz). 13C (C6D6): 8 16.39, 20.99, 30.11, 31.86,
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34.72, 35.61,107.94,116.75,130.24,131.30, 134.92, 135.93,142.13, 142.41,145.31,149.45. IR 
(cm'1): 3497 (m), 2954 (m), 2868 (m), 1733 (w), 1610 (w), 1590 (m), 1487 (m), 1417 (m), 1392 
(m), 1362 (w), 1296 (w), 1023 (m), 861 (m), 807 (m), 743 (m), 705 (m).
59: ‘H NMR (C6D6): 5 1.25 (s, 9H), 1.57 (s, 9H), 2.02 (s, 3H), 2.11 (s, 6H), 4.56 (s, 1H), 6.58 (s, 
2H), 6.91 (d, 1H, J = 2.4 Hz), 7.17 (d, 1H, J = 2.0 Hz). 13C (C6D6): 5 17.52, 20.48, 30.66, 31.61, 
34.55, 35.98, 113.60, 116.23, 128.55, 130.82, 133.27, 139.16, 141.24, 145.70, 147.07, 149.88. IR 
(cm'1): 3446 (br, m), 2961 (m), 2922 (m), 2853 (w), 1716 (w), 1649 (m), 1559 (w), 1507 (w), 
1487 (w), 1418 (w), 1363 (w), 1260 (m), 1198 (w), 1095 (m), 1025 (m), 799 (m).
3.5.7 Reaction of 36 with 3,5-DtBoQ and KO'Bu
3,5-DtBoQ (0.02 g, 0.0803 mmol) and KO'Bu (0.30 mL of a 0.53 M solution, 0.161 mmol) were 
added to a suspension o f 36 (0.06 g, 0.0803 mmol) in THF. The solution went from cloudy 
white to green upon addition of 3,5-DtBoQ. The solution went clear and colourless within 1 min 
after the addition of KO'Bu. The solvent was removed from the reaction mixture under vacuo to 
give a white reside.
3.5.8 Preparation of 68 and 69
Via 43: 61 or 62 (0.05 mmol) was added a solution of 43 (0.04 g, 0.05 mmol) dissolved in 10 mL 
of THF. The reaction mixture was allowed to stir for 48 hrs. The mixture was centrifuged and 
the supernatant was removed from the white precipitate. The solvent was removed from the 
supernatant to give a pale yellow reside identified as a 2:1 mixture of acetylacetone and 68 (from 
61a/62a) or a mixture o f acetylacetone, unreacted 43, cryptand[2.2.2]H2 and 69 (from 
61b/62b). Attempts to purify the mixture included filtration through a silica plug, trituration 
with pentane and recrystallization.
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Via 46: 61 or 62 (0.08 mmol) was added to a solution of 46 (0.06 g, 0.08 mmol) dissolved in 10 
mL of THF. The solution was allowed to stir for 3 hrs, at which time hexanes was added to the 
solution. A white precipitate was observed. The precipitate was removed via centrifugation. 
The solvent of the supernatant was removed under vacuum to give a pale yellow residue which 
was identified as 68 or 69 and cryptand[2.2.2]H22+. Attempts to purify the mixture included 
filtration through a silica plug, trituration with pentane and recrystallization.
68: ‘H (CD3CN): 8 1.90 (s, 6H), 5.46 (s, 1H). EI-MS: m/z 318 (M+, 24%), 219 (Snacac+, 100%), 
100 (acac+, 30%). High resolution EI-MS: calc 317.9914, found 317.9900.
69: ‘H (CD3CN): 5 6.75 (s, 1H), 7.37 (dd, 4H, J = 7.4, 8.4 Hz), 7.51 (t, 2H, J = 7.4 Hz), 7.89 (d, 
4H, J = 7.8 Hz). EI-MS: m/z 566 (M+, 28%), 343 (Sn(PhC(0)CHC(0)Ph)+, 100%), 223 
((PhC(0)CHC(0)Ph)+, 76%). High resolution EI-MS: calc 566.0504, found 566.1111.
3.5.9 Reaction of 61 or 62 with 36
61 or 62 (0.05 mmol) were added to a suspension of 36 (0.04 g, 0.05 mmol) dissolved in 10 mL 
of THF. The solution was allowed to stir for 7 days. Hexanes was added to the solution; a white 
precipitate formed. The precipitate was removed via centrifugation. The solvent of the 
supernatant was removed under vacuum to give a pale yellow residue. Centrifugation gave a 
white solid. The supernatant was separated and the solvent removed, resulting in a pale yellow
residue.
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3.5.10 Competition Studies between 46 and 31
15-crown-5 (0.03 mL, 0.1 mmol) was added to a suspension of 46 (0.05 g, 0.06 mmol) in 5 mL 
of THF. No physical changes in the reaction mixture were observed. After stirring for 24 hrs, 
the solvent was removed; the 'H NMR data indicated no reaction had occurred.
Cryptand[2.2.2] (0.08 g, 0.2 mmol) was added to a suspension of 31 (0.2 g, 0.2 mmol) in 5 mL 
of THF. The clear solution went cloudy upon the addition of cryptand[2.2.2]. After 24 hrs of 
stirring, the solvent was removed to afford a beige oil, identified as 46 and free 15-crown-5 by 
'H NMR spectroscopy.
3.5.11 Typical Synthesis with AgPF6
43 or 45 (1 equiv) was dissolved in THF (5 mL) and wrapped in aluminum foil. Silver 
hexafluorophosphate (1 equiv) was added to the clear solution. The solution was allowed to stir 
for 30 min. The foil was removed revealing a cloudy solution. Hexanes were added, resulting in 
the formation of a precipitate which was collected following centrifugation. The solvent was 
removed from the supernatant under vacuum to give a white solid identified as 72. 'H NMR 
(CD3CN): 6 2.76-2.84 (m, 2H), 3.67 (s), 3.65-3.72(m, together 4H). 19F NMR (CD3CN): 8 -73.02 
(d, J = 706 Hz) Raman: cm' 1 = 2934(s), 1471(s), 1386(m), 860(w), 741(s), 600(w), 566(m), 
128(s), 85(s). ESI-TOF MS (+ve mode): 483.4 (M+) [Cryptand Ag+, 100 %].
3.5.12 Typical Synthesis with Halide Abstracting Agents
43 (1 equiv) was dissolved in THF (10 mL). A halide abstracting agent, A (1 equiv), was added. 
The mixture was allowed to stir for 30 min. Hexanes were added and the white precipitate was 
collected via centrifugation. The solvent was removed under vacuum yielding a white solid. 
A = BC13, white solid. ]H NMR (CD3CN): 8 3.42-3.47 (m, 2H), 3.68 (s, 2H), 3.74-3.79 (m, 2H).
92
Raman: cm' 1 2886(s), 2841(m), 1480(m), 1452(m), 1365(w), 1271(m), 1235(w), 1164(w), 
1131(w), 1058(w), 860(m), 748(m), 292(s), 259(s), 136(s), 11 l(s). ESI-TOF MS: 531.1 (M+).
A = AlCb, white solid. 'H NMR (CD3CN): Ô = 3.41-3.46 (m, 2H), 3.67 (s, 2H), 3.74-3.78 (m, 
2H). Raman: cm' 1 3022(w), 2974(m), 2917(m), 1458(m), 1259(w), 859(m), 810(w), 599(m), 
551(m), 521(m), 503(m), 286(s), 234(s), 141(s), 116(s), 85(s). ESI-TOF MS: 603.1 (M+).
A = [Ph3C][B(C6F5)4], white solid. ‘H NMR (CD3CN): Ô 3.40-3.46 (m, 2H), 3.67 (s, 2H), 3.74-
3.78 (m, 2H). 19F NMR (CD3CN): Ô = -168.40 (t, J = 17.2 Hz), -163.97 (t, 18.5 Hz), -133.81(s). 
ESI-TOF MS: 603.1 (M+).
A = [Et3Si][B(C6F5)4], white solid. *H NMR (CD3CN): Ô 3.40-3.46 (m, 2H), 3.67 (s, 2H), 3.74-
3.78 (m, 2H). 19F NMR (CD3CN): 8 -168.42 (t, J = 18.5 Hz), -163.98(t, J = 18.5 Hz), -133.83 (s). 
ESI-TOF MS: 603.1 (M+).
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Summary, Future Work and Conclusions
4.1 Summary
A series of cryptand complexes of tin(II) cations (43, 44, 45 and 46) were readily 
synthesized in high yield. The complexes were characterized by a varity of spectroscopic 
techniques. Cations 43, 45 and 46 can be directly synthesized from the appropriate tin(II) 
precursor: SnCl2, Snl2 or Sn(OTf)2, respectively. Cations 44, 45 and 46 are also accessible by 
halogen/pseudohalogen exchange by the addition of the appropriate trimethylsilyl reagent 
(bromide, iodide or triflate) to a mixture of SnCb and cryptand[2.2.2] (Scheme 4.1). In the case 
of 45, synthesis via halogen exchange (45a) is less efficient than the reaction with Snl2, as the 
halide exchange does not go to completion resulting in a mixture of 43+ and 45+ and SnClk" and 
S11I3'. The halogen containing complexes 43, 44 and 45, form monocationic complexes with the 
strength of the tin-halide bond increasing as you go down group 17 as determined by 








Attempts to abstract the halide from 43, 44 and 45, to form a dicationic complex 
analogous to 46, using silver(I) hexafluorophosphate, boron or aluminium trichloride, and trityl 
or silyl salts were unsuccessful. Reaction with AgPF6 resulted in the formation a silver(I) 
cryptand complex 72. The other reagents resulted in the formation of cryptand[2.2.2]H22+, most 
likely from trace acid in the reagents.
No reaction was observed upon the addition of 15-crown-5 to a solution of 46. However, 
the addition of cryptand[2.2.2] to 31 results in the formation of 46. This is an excellent 
illustration of the macrocyclic effect.1
The use of 36, 43 and 46 as potential starting materials for the synthesis of germylenes 
and stannylenes was also investigated. A series of anionic (MesMgBr, KO'Bu, KSCN) and 
neutral (PhC =CH, TMSC =CH, 'BuOH) nucleophiles were added to a solution of 36 in THF in 
the presence of NHC, DMB or 3,5-D'BoQ, which were employed as trapping reagents (Scheme 
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than the formation of a Ge(IV) compound, as would be the case with DMB and 3,5-D'BoQ. 
The difference in the observed reactivity of the trapping reagents appears to be dependent on the 
change (or lack thereof) of the oxidation state of germanium.
Acetylacetone, dibenzoylmethane and their corresponding conjugate bases, were added to 
solution of 43 or 46 in THF, respectively, forming the bis(acac) tin(II) complex 68 or 69 
(Scheme 4.3). Cation 46 reacts at a faster rate than 43, which can be understood in terms of the 
necessary cleavage of the Sn-Cl bond in 43 to form compounds 68 or 69. Although Sn(acac)2 
can be synthesized in a quantitative yield from 46 (as determined by NMR spectroscopy), 
separation of the products is difficult. The separation methods attempted include trituration, 
filtration through a silica plug and recrystallization. The challenge is to develop an efficient 
separation method for the products. Other techniques for separation that could be investigated 
are sublimation, distillation or chromatography. Cations 43 and 46 can clearly be used to
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synthesize interesting complexes and should prove to be general synthons for tin compounds. 
The addition of acetylacetone or dibenzoylmethane to 36 was also studied. A new 
acetylacetonate or dibenzoylmethane containing compound was formed as evidenced by *H 
NMR spectroscopy; however, the reaction is significantly slower than the reaction with 43 and 
46. Due to the decreased reactivity, the product could not be isolated or fully characterized. The 
comparison of the reactivity between the 43, 46 and 36 indicates that the tin(II) cations are more 
reactive than the germanium(II). This could be attributed to the binding energy being greater 
between the germanium and cryptand ligand in comparison to tin.
°SnCI°






4.2.1 Stabilization of Silicon(II) by Cyclic Polyethers
A Si(II) dication is an intriguing target, but will by synthetically challenging due to the 
increased reactivity of silicon(II) compared to the heavier group 14 atoms. Potential Si(II) 
starting materials are limited, although two NHC-stabilized silylenes have recently been 
reported.2,3 Cryptand[2.2.2] was added to a solution of NHC-SiCh; unfortunately, no reaction 
was observed. There are two strategies that could be employed to increase the reactivity of the
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silicon(II) cationic precursor. One could be the use of a smaller cryptand which may be better 
suited to encapsulate the silicon due to the decrease in ionic size in comparison to the heavier 
cations. Another strategy would be to increase the reactivity of the starting silicon compound by 
replacing the chloride ligand with a weakly coordinating anion. The reaction of 204 with 
cryptand[2.2.2] would be interesting as silicon has a strong affinity for oxygen and the silicon 
atom is already cationic with B(C6F5)4 anion.
4.2.2 Cation 36 as a Potential Synthon for More Complex Germanium Compounds
Further studies should be conducted to understand the scope of the reactivity of 36. The 
formation of Ge(II) compounds trapped with NHC appears to be more favourable than the 
formation of Ge(IV) compounds, as would be the case with DMB as the trapping reagent. From 
these results, 36 appears to be a more promising synthon for Ge(II) compounds. The 
unsuccessful reactions using DMB as a trapping reagent were puzzling and should be 
reexamined. Since the germanium has no covalent bonds, it would also be interesting to 
determine if it could be a potential synthon for Ge(I) compounds, as they have emerged as a 
topic of interest.5,6
A comparison between competition experiments involving the cryptand and crown ethers 
with germanium(II) and tin(II) would be interesting, as such studies may provide insight into the 
binding energies of the two cations with the cyclic ethers. The differences in the observed 
structures (ie. monocations 43-45 vs. the dications 36 and 46) suggests that the germanium binds 
more strongly with cryptand[2.2.2].
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4.2.3 Cations 36 and 43-46 as Catalysts
Cations 36 and 43-46 are potential catalysts as they have vacant coordination sites and a 
lone pair of electrons. Interestingly, cation 9 has been used as a catalyst for the degradation of 
oligo(ethyleneglycol) diethers.7 The reaction of di(ethyleneglycol) diethyl ether and the 
tri(ethyleneglycol) bis(trimethylsilyl) ether with 9 as a catalyst resulted in the formation of 1,4- 
dioxane and the appropriate substituted ether. The reaction of cyclic ethylene glycol ethers, 
such as 12-crown-4, also resulted in degradation to 1,4-dioxane. This example demonstrates the 
potential for cationic complexes to act as catalysts. Tin(II) compounds have been used 
extensively as catalysts, however, the steric bulk of the cryptand may inhibit the approach of 
molecules to the tin centre (although tin(II) triflate coordinated to a chiral diamine ligand has 
been used catalytically).9 Tin(II) catalysts typically act as Lewis acids, in contrast to transition 
metals.10 With the knowledge that cryptand[2.2.2] complexes with tin(II), cryptand[2.2.2] could 
be used in recovery of tin cataylst,8 although its use would be very dependent on the presence of 
other ions as there will be competitive binding with other ions.
4.3 Conclusions
Cryptand[2.2.2] complexes tin(II) cations. The choice of starting material and counterion 
is extremely important in determining the structure of the complex: 43-45 formed monocationic 
complexes with the halide still bound and 46 is dicationic with triflate counterions.
Reactivity studies of 36, 43 and 46 illustrate the ability of these complexes to be used as 
synthons for germylenes or stannylenes. Anionic reagents react more easily with 36; the most 
effective trapping reagent is an NHC, presumably because a change in oxidation state is not 
required during the reaction. Neutral reagents with low pKa values also react with 36, 43 and 46,
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as illustrated by the reaction of acetylacetone derivatives versus alcohols and alkynes. However, 
the ability of acetylacetone and its derivatives to act as intramolecular donors likely influences 
their reactivity. It would be interesting to study a reagent that has an intermediate pKa between 
that of acetylacetone (9) and an alcohol (17) and is not able to intramolecularly stabilize the 
electron deficient germanium or tin centre. The reaction of the tin(II) cations 43 and 46 proceed 
more quickly than the reactions of 36 with acetylacetone, which can be attributed to the 
decreased stabilization to the tin provided by the cryptand. The use of these cryptand cationic 
complexes as starting materials offers a simple, efficient synthetic route to germylene and 
stannylene compounds.
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Appendix 1
Crystallographic Information Files (cif) for Compounds 43,44 and 46
A l.l cif for compound 43
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'C ' C  0.0033 0.0016
'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4 
'H ' 'H' 0.0000 0.0000
'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4 
'N' 'N ' 0.0061 0.0033
'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4 
'O' 'O' 0.0106 0.0060
'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4 
'Cl' 'Cl' 0.1484 0.1585
'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4 
'Sn' 'Sn' -0.6537 1.4246























cell_measurement_re flns_us ed 5332
cell_measurement_theta_min 2.41
cell measurement theta max 24.46
_exptl_crystal_description 
_exptl_crystal_colour 
exp t l_c ry s t a l_s i z e_max 
exp tl_crys tal_s i ze_mi d 
exp tl_c rys t al_s i ze_mi n 
_exptl_crystal_density_meas 
exptl_crystal_density_diffrn 
exp tl_cryst al_dens i ty_me thod 




























_di f f rn_measurement_devi ce_type 
_di f f rn_measurement_method 
_diffrn_detector_area_resol_mean 
_di f f r n_r e f 1 ns_numb e r 
di f f rn_re flns_av_R_equivalent s 
_diffrn_reflns_av_sigmal/netl 
di f frn_re flns_limi t_h_min 
di f f rn_re flns_limi t_h_max 
di f f rn_re flns_limi t_k_min 
di f f rn_re flns_limi t_k_max 
di f f rn_re flns_limi t_l_min 









'fine-focus sealed tube' 
graphite
'Bruker APEX-II CCD'



























'SHELXS-97 (Sheldrick, 2008) ' 





Refinement of FA2A against ALL reflections. The weighted R-factor wR 
and goodness of fit S are based on FA2A, conventional R-factors R are 
based on F, with F set to zero for negative FA2A . The threshold 
expression of FA2A > 2sigma(FA2A) is used only for calculating R- 
factors(gt) etc. and is not relevant to the choice of reflections for 
refinement. R-factors based on FA2A are statistically about twice as 
large as those based on F, and R- factors based on ALL data will be 
even larger.
Structure was treated for racemic twinning using: 



































_a t om_s i t e_U_i s o_o r_e qu iv
_atom_site_adp_type
_atom_site_occupancy
_at om_si t e_symmet ry_multiplicity
_atom_site_calc_flag
_at om_s i t e_r e f inement_f lags
_atora_site_disorder_assembly
_a t om_s i t e_d i s o rde r_group
Snl Sn 0.07476(7) 0.27866(6) 0.89065(4) 0.03337(18) Uani l i d .  . .
Cll Cl 0.3653(3) 0.2814(3) 0.87225(16) 0.0433(6) Uani l i d .  . .
01 0 0.4862(8) 1.0018(6) 0.6843(5) 0.0306(18) Uani l i d .  . .
N1 N 0.7079(9) 0.8902(6) 0.8003(6) 0.0235(18) Uani l i d .  . .
Cl C 0.7532(11) 0.9882(8) 0.7386(7) 0.031(2) Uani l i d .  . .
H1A H 0.7908 0.9543 0.6800 0.037 Uiso 1 1 calc R . .
H1B H 0.8419 1.0334 0.7678 0.037 Uiso 1 1 calc R . .
Sn2 Sn 0.49217(6) 0.75803(5) 0.69900(4) 0.02645(16) Uani l i d .  . .
C12 Cl 0.0682(3) 0.0636(2) 0.92207(19) 0.0403(6) Uani l i d .  . .
02 0 0.2511(9) 0.8959(6) 0.5880(5) 0.0312(18) Uani l i d .  . .
N2 N 0.2371(12) 0.6318(7) 0.5920(6) 0.032(2) Uani l i d . . .
C2 C 0.6153(12) 1.0734(9) 0.7175(7) 0.030(3) Uani l i d .  . .
H2A H 0.5858 1.1168 0.7740 0.036 Uiso 1 1 calc R . .
H2B H 0.6452 1.1323 0.6702 0.036 Uiso 1 1 calc R . .
C13 Cl 0.0061(2) 0.2606(2) 0.72416(14) 0.0376(5) Uani l i d .  . .
03 0 0.4407(6) 0.7946(6) 0.8926(4) 0.0300(15) Uani l i d .  . .
C3 C 0.3564(11) 1.0741(9) 0.6549(7) 0.036(2) Uani l i d .  . .
H3A H 0.3795 1.1127 0.5953 0.043 Uiso 1 1 calc R . .
H3B H 0.3373 1.1373 0.7011 0.043 Uiso 1 1 calc R . .
C14 Cl 0.6885(2) 0.7506(2) 0.56996(14) 0.0343(5) Uani l i d .  . .
04 0 0.1941(7) 0.6651(5) 0.7929(4) 0.0306(15) Uani l i d .  . .
C4 C 0.2110(10) 0.9943(9) 0.6441(7) 0.035(2) Uani l i d .  . .
H4A H 0.1778 0.9660 0.7054 0.042 Uiso 1 1 calc R . .
H4B H 0.1220 1.0394 0.6151 0.042 Uiso 1 1 calc R . .
05 0 0.7121(8) 0.6305(5) 0.7814(5) 0.0297(17) Uani l i d .  . .
C5 C 0.1164(11) 0.8271(8) 0.5606(7) 0.035(3) Uani l i d .  . .
H5A H 0.0511 0.8717 0.5146 0.043 Uiso 1 1 calc R . .
H5B H 0.0508 0.8108 0.6148 0.043 Uiso 1 1 calc R . .
06 0 0.4963(8) 0.5180(6) 0.6778(5) 0.0313(17) Uani l i d .  . .
C6 C 0.1693(13) 0.7158(8) 0.5210(7) 0.038(3) Uani l i d .  . .
H6A H 0.2508 0.7330 0.4750 0.045 Uiso 1 1 calc R . .
H6B H 0.0787 0.6769 0.4885 0.045 Uiso 1 1 calc R . .
C7 C 0.6513(10) 0.9365(9) 0.8904(6) 0.030(2) Uani l i d .  . .
H7A H 0.6757 1.0228 0.8944 0.036 Uiso 1 1 calc R . .
H7B H 0.7111 0.8961 0.9411 0.036 Uiso 1 1 calc R . .
C8 C 0.4724(11) 0.9188(8) 0.9050(7) 0.031(2) Uani l i d .  . .
H8A H 0.4443 0.9442 0.9679 0.037 Uiso 1 1 calc R . .
H8B H 0.4096 0.9664 0.8596 0.037 Uiso 1 1 calc R . .
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C9 C 0.2925(9) 0.7621(11) 0.9298(6) 0.037(2) Uani l i d .  . . 
H9A H 0.2119 0.8236 0.9145 0.044 Uiso 1 1 calc R . .
H9B H 0.3027 0.7556 0.9978 0.044 Uiso 1 1 calc R . .
CIO C 0.2429(11) 0.6436(9) 0.8889(7) 0.032(2) Uani l i d .  . .
H10A H 0.3325 0.5866 0.8920 0.039 Uiso 1 1 calc R . .
H10B H 0.1539 0.6096 0.9234 0.039 Uiso 1 1 calc R . .
Cil C 0.1520(11) 0.5553(8) 0.7477(6) 0.031(2) Uani l i d .  . .
H11A H 0.0600 0.5189 0.7780 0.037 Uiso 1 1 calc R . .
H U B  H 0.2418 0.4986 0.7523 0.037 Uiso 1 1 calc R . .
C12 C 0.1112(10) 0.5801(9) 0.6482(6) 0.033(2) Uani l i d .  . .
H12A H 0.0765 0.5044 0.6189 0.039 Uiso 1 1 calc R . .
H12B H 0.0194 0.6351 0.6457 0.039 Uiso 1 1 calc R . .
C13 C 0.8435(10) 0.8103(8) 0.8152(7) 0.030(2) Uani l i d .  . .
H13A H 0.9211 0.8488 0.8582 0.036 Uiso 1 1 calc R . .
H13B H 0.8961 0.7974 0.7558 0.036 Uiso 1 1 calc R . .
C14 C 0.7960(11) 0.6920(8) 0.8540(7) 0.031(2) Uani l i d .  . .
H14A H 0.8909 0.6462 0.8744 0.037 Uiso 1 1 calc R . .
H14B H 0.7273 0.7033 0.9076 0.037 Uiso 1 1 calc R . .
C15 C 0.6753(11) 0.5107(9) 0.8043(7) 0.035(2) Uani l i d .  . .
H15A H 0.5882 0.5084 0.8486 0.042 Uiso 1 1 calc R . .
H15B H 0.7691 0.4708 0.8327 0.042 Uiso 1 1 calc R . .
C16 C 0.6261(13) 0.4494(9) 0.7164(8) 0.036(3) Uani l i d .  . .
H16A H 0.7151 0.4471 0.6733 0.044 Uiso 1 1 calc R . .
H16B H 0.5920 0.3666 0.7289 0.044 Uiso 1 1 calc R . .
C17 C 0.4123(12) 0.4526(8) 0.6056(7) 0.036(2) Uani l i d .  . .
H17A H 0.3355 0.3972 0.6331 0.043 Uiso 1 1 calc R . .
H17B H 0.4882 0.4052 0.5698 0.043 Uiso 1 1 calc R . .
C18 C 0.3265(11) 0.5394(9) 0.5429(7) 0.035(2) Uani l i d .  . .
H18A H 0.4046 0.5789 0.5034 0.042 Uiso 1 1 calc R . .







_a t om_s i t e_ani s o_U_13
_atom_site_aniso_U_12
Snl 0.0252(3) 0.0366(4) 0.0379(4) -0.0059(3) -0.0068(3) 0.0000(3)
Cll 0.0316(12) 0.0549(17) 0.0431(13) -0.0066(14) -0.0067(10) - 
0.0095 (13)
01 0.022(4) 0.024(4) 0.044(5) 0.001(3) -0.016(3) 0.008(3)
N1 0.010(4) 0.028(4) 0.033(5) -0.001(3) -0.009(3) 0.000(3)
Cl 0.020(5) 0.035(5) 0.038(6) 0.000(4) -0.009(4) -0.003(4)
Sn2 0.0175(3) 0.0325(4) 0.0289(3) 0.0012(3) -0.0088(2) 0.0005(3)
C12 0.0339(15) 0.0419(15) 0.0442(15) -0.0003(12) -0.0149(12) - 
0.0076(10)
02 0.016(4) 0.038(4) 0.039(5) -0.007(3) -0.010(3) 0.006(3)
N2 0.029(6) 0.033(5) 0.034(6) -0.001(4) -0.010(4) 0.008(4)
C2 0.022(7) 0.035(6) 0.032(6) -0.001(4) -0.007(5) -0.004(4)
C13 0.0357(12) 0.0361(13) 0.0401(12) 0.0004(12) -0.0187(9) -0.0033(13)
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03 0.012 (3) 0.040 (4) 0 .038(3) -0.006(3) -0.003(2) -0.006(2)
C3 0.021(6) 0.037(6) 0. 050(7) -0.007(5) -0.006(5) 0.010 (4)
C 1 4: 0.0318(11) 0.0380(13) 0.0331(11) 0.0005(11) -C).0014(9) 0.
04 0.027 (4) 0.035(4) 0. 028(4) -0.001(3) -0.016(3) -0.001(3)
C4 0.012 (5) 0.047(6) 0. 047(6) -0.004(5) -0.018(4) 0.007(4)
05 0.029(5) 0.024(3) 0. 036(4) 0.010(3) -0.017(3) -0.007(3)
C5 0.018 (5) 0.030(5) 0. 057(7) -0.003(4) -0.026(5) -0.003 (4)
06 0.023 (4) 0.029(4) 0. 041(5) -0.003(3) -0.012(3) 0.000 (3)
C6 0.035(6) 0.040(6) 0. 036(6) -0.003(4) -0.027(5) -0.005(4)
C7 0.Oil (4) 0.046(6) 0. 031(5) -0.005(4) -0.008(4) -0.001(4)
C8 0.026(5) 0.038(6) 0. 029(5) -0.005(4) -0.007(4) -0.001(4)
C9 0.018 (4) 0.056(6) 0. 035(5) -0.009(6) -0.005(3) -0.007(5)
CIO 0.018(5) 0.047(6) 0 .031(5) -0.007(4) -0.006(4) -0.003 (4)
Cll 0.023(5) 0.034(5) 0 .036(6) 0.002(4) -0.006(4) -0.004 (4)
C12 0.013(5) 0.038(6) 0 .045(6) -0.003(4) -0.013(4) -0.009(4)
C13 0.010(5) 0.037(5) 0 .042(6) 0.001(4) -0.006(4) -0.002 (3)
C14 0.022(6) 0.039(6) 0 .032(6) -0.007(4) -0.010(5) 0.011(4)
C15 0.023 (5) 0.046(6) 0 .036(6) 0.010(4) -0.011(4) 0.000(4)
C16 0.022(7) 0.033(6) 0 .053(8) 0.008(5) -0.008(6) 0.002(4)
C17 0.034(6) 0.029(5) 0 .044(6) -0.007(4) -0.012(5) -0.002 (4)
C18 0.033(6) 0.037(6) 0 .035(6) -0.004(4) -0.005(5) -0.002(4)
_geom_special_details
All esds (except the esd in the dihedral angle between two l.s. 
planes) are estimated using the full covariance matrix. The cell esds 
are taken into account individually in the estimation of esds in 
distances, angles and torsion angles; correlations between esds in 
cell parameters are only used when they are defined by crystal 
symmetry. An approximate (isotropic) treatment of cell esds is used 
for estimating esds involving l.s. planes.
loop_
_geom_bond_at om_s ite_label_l 
_geom_bond_atom_site_label_2 
_geom_bond_distance 
_geom_bond_s i t e_symme t ry_2 
_geom_bond_publ_flag 
Snl C12 2.455(3) . ?
Snl Cll 2.474 (2) . ?
Snl C13 2.475 (2) . ?
01 C3 1.420 (10) . ?
01 C2 1.427 (11) . ?
N1 C13 1.465(11) . ?
N1 Cl 1.474 (12) . ?
N1 C7 1.496 (12) . ?
Cl C2 1.531 (13) . ?
Cl H1A 0.9900 . ?
Cl H1B 0.9900 . ?
Sn2 C14 2.533(2) . ?
02 C4 1.417(11) . ?
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02 C5 1.422(11) . 7
N2 C12 1.475(13) 7
N2 C18 1.477(12) 7
N2 C6 1.498(12) 7
C2 H2A 0.9900 . ?
C2 H2B 0.9900 . ?
03 C9 1.423(10) 7
03 C8 1.428(11) 7
C3 C4 1.524(13) 7
C3 H3A 0.9900 . 7
C3 H3B 0.9900 . 7
04 C U  1.435 (10) 7
04 CIO 1.460(11) 7
C4 H4A 0.9900 . 7
C4 H4B 0.9900 . 7
05 C15 1.419(11) 7
05 C14 1.430(10) 7
C5 C6 1.449(13) . 7
C5 H5A 0.9900 . 7
C5 H5B 0.9900 . 7
06 C16 1.440(12) 7
06 C17 1.448(11) 7
C6 H6A 0.9900 . 7
C6 H6B 0.9900 . 7
C7 C8 1.543(13) 7
C7 H7A 0.9900 . ?
C7 H7B 0.9900 . 7
C8 H8A 0.9900 . 7
C8 H8B 0.9900 . 7
C9 CIO 1.510(14) 7
C9 H9A 0.9900 . 7
C9 H9B 0.9900 . 7
CIO H10A 0.9900 7
CIO H10B 0.9900 7
C U C12 1.500(12) 7
C U H11A 0.9900 7
C U H11B 0.9900 7
C12 H12A 0.9900 7
C12 H12B 0.9900 7
C13 C14 1.500(13) 7
C13 H13A 0.9900 7
C13 H13B 0.9900 7
C14 H14A 0.9900 7
C14 H14B 0.9900 7
C15 C16 1.496(14) 7
C15 H15A 0.9900 7
C15 H15B 0.9900 7
C16 H16A 0.9900 ?
C16 H16B 0.9900 7
C17 C18 1.504(13) 7
C17 H17A 0.9900 7
C17 H17B 0.9900 7
I l l
C18 H18A 0.9900 . ? 
C18 H18B 0.9900 . ?
loop_
_geom_angle_atom_site_label_l 
_geom_angle_atom_site_label_ 2  
_geom_angle_at om_s i t e_labe1_3 
_geom_angle
_ge om_angle_s i t e_symme t ry_l 
_geom_angle_si t e_symme t ry_3 
_ge om_angle_publ_f1 ag 
C12 Snl Cll 93.41(9) . . ?
C12 Snl C13 95.42 (9) . . ?
Cll Snl C13 95.91(8) . . ?
C3 01 C2 110.8 (7) . . ?
C13 N1 Cl 109.3 (7) . . ?
C13 NI C7 110.5(7) . . ?
Cl NI C7 111.4(7) . . ?
NI Cl C2 112.2(8) . . ?
NI Cl H1A 109.2 . . ?
C2 Cl H1A 109.2 . . ?
NI Cl H1B 109.2 . . ?
C2 Cl H1B 109.2 . . ?
H1A Cl H1B 107.9 . . ?
C4 02 C5 112.4(8) . . ?
C12 N2 C18 112.0(8) . . ?
C12 N2 C6 111.0(9) . . ?
C18 N2 C6 107.5(8) . . ?
01 C2 Cl 106.6(8) . . ?
01 C2 H2A 110.4 . . ?
Cl C2 H2A 110.4 . . ?
01 C2 H2B 110.4 . . ?
Cl C2 H2B 110.4 . . ?
H2A C2 H2B 108.6 . . ?
C9 03 C8 111.5(7) . . ?
01 C3 C4 107.9(8) . . ?
01 C3 H3A 110.1 . . ?
C4 C3 H3A 110.1 . . ?
01 C3 H3B 110.1 . . ?
C4 C3 H3B 110.1 . . ?
H3A C3 H3B 108.4 . . ?
Cll 04 CIO 110.7(6) . . ?
02 C4 C3 108.2 (8 ) . . ?
02 C4 H4A 110.1 . . ?
C3 C4 H4A 110.1 . . ?
02 C4 H4B 110.1 . . ?
C3 C4 H4B 110.1 . . ?
H4A C4 H4B 108.4 . . ?
C15 05 C14 113.1(7) . . ?
02 C5 C6 109.0(8) . .
02 C5 H5A 109.9 . . ?
C 6 C5 H5A 109.9 . . ?
•?
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02 C5 H5B 109.9 . . ?
C6 C5 K5B 109.9 . . ?
H5A C5 H5B 108.3 . . ?
C16 06 C17 111.3(7) . . ?
C5 C6 N2 112.7(8) . . ?
C5 C6 H 6A 109.1 . . ?
N2 C6 H 6A 109.1 . . ?
C5 C6 H 6B 109.1 . . ?
N2 C6 H 6 B 109.1 . . ?
H 6A C6 H 6B 107.8 . . ?
N1 C7 C8 114.2(7) . . ?
N1 C7 H7A 108.7 . . ?
C8 C7 H7A 108.7 . . ?
N1 C 7 H7B 108.7 . . ?
C8 C7 H7B 108.7 . . ?
H7A C7 H7B 107.6 . . ?
03 C8 C7 106.8(7) . . ?
03 C8 H 8A 110.4 . . ?
C7 C8 H 8A 110.4 . . ?
03 C8 H 8B 110.4 . . ?
C7 C8 H 8B 110.4 . . ?
H 8A C8 H 8B 108.6 . . ?
03 C9 CIO 108.3 (8 ) . . ?
03 C9 H9A 110.0 . . ?
CIO C9 H9A 110.0 . . ?
03 C9 H9B 110.0 . . ?
CIO C9 H9B 110.0 . . ?
H9A C9 H9B 108.4 . . ?
04 CIO C9 107.3 (8 ) . . ?
04 CIO H10A 110.3 . . ?
C9 CIO H10A 110.3 . . ?
04 CIO H10B 110.3 . . ?
C9 CIO H10B 110.3 . . ?
H10A CIO H10B 108.5 . . ? 
04 Cil C12 109.1(7) . . ?
04 Cil H11A 109.9 . . ? 
C12 Cil H11A 109.9 . . ? 
04 Cll H U B  109.9 . . ? 
C12 Cll H U B  109.9 . . ?
H11A Cll H U B  108.3 . . ? 
N2 C12 Cll 116.9(7) . . ?
N2 C12 H12A 108.1 . . ?
Cll C12 H12A 108.1 . . ?
N2 C12 H12B 108.1 . . ?
Cll C12 H12B 108.1 . . ? 
H12A C12 H12B 107.3 . . ?
NI C13 C14 112.3 (7) . . ?
NI C13 H13A 109.1 . . ?
C14 C13 H13A 109.1 . . ? 
NI C13 H13B 109.1 . . ? 
C14 C13 H13B 109.1 . . ? 
H13A C13 H13B 107.9 . . ?
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05 C14 C13 106.4(7) . . ?
05 C14 H14A 110.4 . . ? 
C13 C14 H14A 110.4 . . ? 
05 C14 H14B 110.4 . . ? 
C13 C14 H14B 110.4 . . ? 
H14A C14 H14B 108.6 . . ? 
05 C15 C16 107.1(8) . . ?
05 C15 H15A 110.3 . . ?
C16 C15 H15A 110.3 . . ?
05 C15 H15B 110.3 . . ?
C16 C15 H15B 110.3 . . ?
H15A C15 H15B 108.5 . . ?
06 C16 C15 106.0(8) . . ?
06 C16 H16A 110.5 . . ? 
C15 C16 H16A 110.5 . . ? 
06 C16 H16B 110.5 . . ? 
C15 C16 H16B 110.5 . . ? 
H16A C16 H16B 108.7 . . ?
06 C17 C18 109.2(7) . . ?
06 C17 H17A 109.8 . . ? 
C18 C17 H17A 109.8 . . ? 
06 C17 H17B 109.8 . . ? 
C18 C17 H17B 109.8 . . ? 
H17A C17 H17B 108.3 . . ?
N2 C18 C17 114.0(8) . . ?
N2 C18 H18A 108.8 . . ? 
C17 C18 H18A 108.8 . . ? 
N2 C18 H18B 108.8 . . ? 
C17 C18 H18B 108.8 . . ?
H18A C18 H18B 107.6 . . ?
loop_
_geom_torsion_atom_site_label_l 





_geom_torsion_site_symmetry_ 2  
_geom_torsion_site_symmetry_3 
_geom_tors i on_s i t e_symmetry_4 
_geom_torsion_publ_flag 
C13 NI Cl C2 178.3 (8 ) . . . .  ?
C7 NI Cl C2 -59.4 (9) . . . .  ?
C3 01 C2 Cl -174.7 (8 ) . . . .  ? 
NI Cl C2 01 -53.1(10) . . . .  ? 
C2 01 C3 C4 -165.7(8) . . . .  ?
C5 02 C4 C3 -169.8 (8 ) . . . .  ?
01 C3 C4 02 -51.5(10) . . . .  ?
C4 02 C5 C6 -167.8(8) . . . . ?
02 C5 C 6 N2 72.4(10) . . . . ?
C12 N2 C6 C5 73.0(10) . . . .  ?
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C18 N2 C6 C5 -164.2 (8 ) . . . .  ? 
C13 NI C7 C8 -127.6(8) . . . .  ?
Cl N1 C7 C8 110.7 (8 ) . . . .  ?
C9 03 C8 C7 163.1(7) . . . . ?
N1 C7 C8 03 54.7(10) . . . .  ?
C8 03 C9 CIO 162.2(7) . . . . ?
Cll 04 CIO C9 177.3(7) . . . .  ?
03 C9 CIO 04-72.8(9) . . . . ?
CIO 04 Cll C12 -176.9(7) . ?
C18 N2 C12 Cll 93.9(10) . . . .  ?
C6 N2 C12 Cll -145.9(8) . . . .  ?
04 Cll C12 N2 61.1(11) . . . .  ?
Cl NI C13 C14 -163.7(8) . . . .  ?
C7 NI C13 C14 73.4 (9) . . . . ?
C15 05 C14 C13 173.0(7) . . . .  ?
NI C13 C14 05 70.8 (9) . . . . ?
C14 05 C15 C16 -166.1(8) . . . . ?
C17 06 C16 C15 -165.6(8) . . . .  ?
05 C15 C16 06 -56.4(10) . . . .  ?
C16 06 C17 C18 -157.1(9) . . . . ?
C12 N2 C18 C17 -62.0(10) . . . .  7
C6 N2 C18 C17 175.8(8) . . . .  ?










A l.2 cif for compound 44
data compound 44
audit_creation_method 
chemi cal_name_sys temati c
?















_a t om__type_s ca t_di sper s i on_r eal 
_atoiri__type_scat__dispersion__imag 
_atom__type_scat__source 
'C ' 'C 1 0.0033 0.0016
'International Tables Vol C Tables 4.2.6 . 8 and 6 .1.1.4' 
'H ' 1H ' 0.0000 0.0000
'International Tables Vol C Tables 4.2.6 . 8 and 6 .1.1.4' 
'N ' 'N ' 0.0061 0.0033
'International Tables Vol C Tables 4.2.6 . 8 and 6 .1.1.4'
'O' 'O' 0.0106 0.0060
'International Tables Vol C Tables 4.2.6 . 8  
'Br' 'Br' -0.2901 2.4595
'International Tables Vol C Tables 4.2.6 . 8  
'Sn' 'Sn' -0.6537 1.4246
'International Tables Vol C Tables 4.2.6 . 8
and 6 .1 .1 .4' 
and 6 .1 .1 .4' 
and 6 .1 .1 .4'
_symmetry_celInsetting









_c e 1 l_ang 1 e_a 1 pha
_cell_angle_beta
_c e 1 l_ang 1 e_gamma
_cell_volume







_exp t l_c r y s t a l_s i z e_max
_exptl_crystal__size_mid
_exp t l__c r y s t a l__s i z e__mi n
_exp t l_crys t al__dens i ty_meas
_exptl_crys tal_densi ty_di f frn
_exptl__crystal__density_method














































_di f f rn_re f1ns_numbe r
_diffrn_reflns_av_R_equiva1ents
_diffrn_reflns_av_sigmal/netl
_di f f rn_re flns_limi t_h_min
_di f f rn_re flns_limi t_h_max
_di f f rn_re flns_limi t_k_min
_di f f rn_re flns_limi t_k_max
_diffrn_reflns_limit_l_min
_di f f rn_re flns_limi t_l_max
diffrn_reflns_theta_min














'fine-focus sealed tube' 
graphite 




















'SHELXS-97 (Sheldrick, 2008)' 





Refinement of FA2A against ALL reflections. The weighted R-factor wR 
and goodness of fit S are based on F ' ' 2 * , conventional R-factors R are 
based on F, with F set to zero for negative FA2A . The threshold 
expression of FA2A > 2sigma(FA2A) is used only for calculating R- 
factors (gt) etc. and is not relevant to the choice of reflections for 
refinement. R-factors based on FA2A are statistically about twice as 
large as those based on F, and R- factors based on ALL data will be 
even larger.
Structure was treated for racemic twinning using: 





_re f i ne_ls_we ight ing_de tails 
'calc w =1/[\s a2a (Fo a 2a )+(0.0717P)a2a +2.0829P] where 





_re f ine_ls_ext inct i on_method none
refine Is extinction coef ?
ref ine_ls_abs_s true ture_de tails











refine_ls_shift/su_max 0 . 0 0 1
refine Is shift/su mean 0 . 0 0 0
loop_






_atom_s i t e_adp_type
_atom_site_occupancy





Snl Sn 0.92693(5) 0.51917(4) 0.60849(3) 0.02842(13) Uani l i d .
Sn2 Sn 0.50351(5) 0.99214(4) 0.80379(3) 0.02056(11) Uani l i d .
Brl Br 0.61998(9) 0.52250(8) 0.62632(5) 0.03657(19) Uani l i d .
Br2 Br 0.93500(10) 0.29816(7) 0.57244(6) 0.03596(19) Uani l i d .
Br3 Br 0.99508(9) 0.49883(7) 0.78252(5) 0.03352(17) Uani l i d .
Br4 Br 0.29517(8) 0.98417(7) 0.94140(5) 0.02815(15) Uani l i d .
01 0 0.5107(6) 1.2317(5) 0.8134(4) 0.0274(11) Uani l i d .  . .
05 O 0.2828(6) 0.8698(4) 0.7229(3) 0.0251(10) Uani l i d .  . .
02 0 0.7374(6) 1.1293(4) 0.9096(4) 0.0265(11) Uani l i d .  . .
04 0 0.7962(6) 0.9004(5) 0.7120(3) 0.0238(10) Uani l i d .  . .
03 0 0.5587 (5) 1.0290 (5) 0.6129(3) 0.0251(10) Uani 1 1 d
06 0 0.4947(6) 0.7591 (5) 0.8249(4) 0.0250(10) Uani 1 1 d
NI N 0.2896 (7) 1.1229(5) 0.7029(4) 0.0217(12) Uani 1 1 d
N2 N 0.7496(7) 0.8716(5) 0.9106 (4) 0.0225(12) Uani 1 1 d
C4 C 0.7828(9) 1.2235(7) 0.8532 (6 ) 0.0312(16) Uani 1 1 d
H4A H 0.8176 1.1948 0.7944 0.037 Uiso 1 1 calc R . .
H4B H 0.8694 1.2654 0.8812 0.037 Uiso 1 1 calc R . .
C3 C 0.6446(8) 1.3022(6) 0.8408(5) 0.0264(15) Uani l i d  
H3A H 0.6217 1.3421 0.8975 0.032 Uiso 1 1 calc R . .
H3B H 0.6671 1.3597 0.7944 0.032 Uiso 1 1 calc R . .
C2 C 0.3811(9) 1.3008(7) 0.7832(5) 0.0270(15) Uani l i d  
H2A H 0.4097 1.3433 0.7287 0.032 Uiso 1 1 calc R . .
H2B H 0.3524 1.3561 0.8302 0.032 Uiso 1 1 calc R . .
Cl C 0.2427(8) 1.2203(6) 0.7631(5) 0.0228(13) Uani l i d  
H1A H 0.2023 1.1895 0.8200 0.027 Uiso 1 1 calc R . .
H1B H 0.1588 1.2641 0.7340 0.027 Uiso 1 1 calc R . .
C13 C 0.1509(8) 1.0459(6) 0.6883(5) 0.0250(14) Uani l i d  
H13A H 0.0783 1.0827 0.6460 0.030 Uiso 1 1 calc R . .
H13B H 0.0965 1.0352 0.7458 0.030 Uiso 1 1 calc R . .
C14 C 0.1981(8) 0.9290(6) 0.6511(5) 0.0251(14) Uani l i d  
H14A H 0.1053 0.8851 0.6334 0.030 Uiso 1 1 calc R . .
H14B H 0.2648 0.9384 0.5980 0.030 Uiso 1 1 calc R . .
C15 C 0.3156(8) 0.7515(6) 0.7008(5) 0.0272(15) Uani l i d  
H15A H 0.3997 0.7469 0.6563 0.033 Uiso 1 1 calc R . .
H15B H 0.2225 0.7144 0.6756 0.033 Uiso 1 1 calc R . .
C5 C 0.8708(8) 1.0644(7) 0.9409(5) 0.0271(15) Uani l i d  
H5A H 0.9269 1.1080 0.9874 0.033 Uiso 1 1 calc R . .
H5B H 0.9423 1.0506 0.8906 0.033 Uiso 1 1 calc R . .
C 6 C 0.8160(9) 0.9514(7) 0.9794(5) 0.0286(15) Uani l i d  
H 6A H 0.9043 0.9137 1.0094 0.034 Uiso 1 1 calc R . .
H 6B H 0.7366 0.9665 1.0253 0.034 Uiso 1 1 calc R . .
C12 C 0.8801(8) 0.8187(7) 0.8563(5) 0.0263(14) Uani l i d  
H12A H 0.9109 0.7463 0.8849 0.032 Uiso 1 1 calc R . .
H12B H 0.9704 0.8701 0.8582 0.032 Uiso 1 1 calc R . .
C U  C 0.8378(8) 0.7951 (6 ) 0.7576(5) 0.0244 (14) Uani l i d  
H11A H 0.9269 0.7596 0.7271 0.029 Uiso 1 1 calc R . .
H U B  H 0.7499 0.7415 0.7548 0.029 Uiso 1 1 calc R . .
CIO C 0.7545(8) 0.8801(7) 0.6192(5) 0.0278(15) Uani l i d  
H10A H 0.6673 0.8258 0.6158 0.033 Uiso 1 1 calc R . .
H10B H 0.8433 0.8473 0.5867 0.033 Uiso 1 1 calc R . .
C9 C 0.7071(7) 0.9954(8) 0.5764(5) 0.0302(15) Uani l i d  
H9A H 0.7859 1.0538 0.5900 0.036 Uiso 1 1 calc R . .
H9B H 0.6993 0.9874 0.5107 0.036 Uiso 1 1 calc R . .
C8 C 0.5245(8) 1.1494(7) 0.5983(5) 0.0269(14) Uani l i d  
H 8A H 0.5532 1.1720 0.5368 0.032 Uiso 1 1 calc R . .
H 8B H 0.5834 1.1969 0.6411 0.032 Uiso 1 1 calc R . .
C7 C 0.3481(8) 1.1649(7) 0.6127(4) 0.0234(14) Uani l i d  
H7A H 0.3227 1.2465 0.6068 0.028 Uiso 1 1 calc R . .
H7B H 0.2923 1.1238 0.5648 0.028 Uiso 1 1 calc R . .
C16 C 0.3646(9) 0.6928(6) 0.7887(6) 0.0303(16) Uani l i d  
H16A H 0.2777 0.6920 0.8315 0.036 Uiso 1 1 calc R . .
H16B H 0.3968 0.6136 0.7771 0.036 Uiso 1 1 calc R . .
119
C17 C 0.5757(8) 
H17A H 0.6524 0 
H17C H 0.5009 0 
C18 C 0.6584(9) 
H18C H 0.5795 0
0.6962(7) 0.8964(5) 0.0293(16) Uani 1 1 d 
6437 0.8701 0.035 Uiso 1 1 calc R . .
0.035 Uiso 1 1 calc R . . 
9580(5) 0.0300(16) Uani 1 1 d 








_a t om_s i t e_an i s o_U_2 2 
_a tom_s i t e_ani s o_U_3 3 
_a t om_s i t e_ani s o_U_23 
_atom_site_aniso_U_13 
_atom_s i te_ani so_U_12 
Snl 0.0282(2) 0.0261(3) 0.0310(3) 0 


















02 0 . 0 2 1 (2 )
04 0.021(2)
03 0.018(2)


















0.0066(3) 0.0030(3) 0.0093(3) 
0.0018(3) -0.0001(3) 0.0066(3) 
0.0366(4) 0.0004(3) -0.0076(3) 0.0010(3) 
0.0255(3) -0.0001(3) 0.0048(2) 0.0017(3) 
0.001(2) -0.003(2) 0.0021(19) 
-0.002(2) -0.002(2) 0.0039(19) 
0.002(2) -0.002(2) 0.0004(19) 
-0.0027(19) -0.0006(19) 0.0049(18) 
0.005(2) 0.0079(17) 0.0042(19) 
0.004(2) -0.0029(19) -0.0029(19) 
0.001(2) 0.004(2) -0.001(2) 
-0.002(2) 0.002(2) 0.004(2) 
0.007(3) 0.001(3) -0.009(3) 









0.016(3) 0.034(4) 0.025(3) 0.000(3) 0.001(2) -0.003(3) 








C15 0.023(3) 0.022(3) 0.037(4) -0.010(3) -0.003(3) 0.001(3) 
C5 0.021(3) 0.026(4) 0.034(4) -0.007(3) -0.009(3) 0.002(3) 
C6 0.033(4) 0.029(4) 0.023(4) 0.002(3) -0.010(3) 0.000(3)
C12 0.021(3) 0.025(4) 0.033(4) 0.002(3) -0.003(3) 0.005(3)
Cil 0.022(3) 0.020(3) 0.031(4) 0.001(3) 0.006(3) 0.005(3) 
CIO 0.019(3) 0.039(4) 0.025(4) -0.002(3) 0.005(3) 0.002(3)
C9 0.021(3) 0.047(4) 0.023(3) 0.002(3) 0.009(2) 0.007(3)
C8 0.023(3) 0.026(4) 0.032(4) 0.003(3) 0.003(3) -0.002(3)
C7 0.021(3) 0.031(4) 0.019(3) 0.006(3) 0.002(2) 0.007(3)
C16 0.026(4) 0.018(4) 0.047(5) 0.001(3) 0.003(3) -0.005(3) 
C17 0.029(4) 0.019(3) 0.040(4) 0.008(3) -0.003(3) 0.001(3)
C18 0.032(4) 0.033(4) 0.025(4) 0.008(3) -0.001(3) -0.002(3)
geom_special_details
120
All esds (except the esd in the dihedral angle between two l.s. 
planes) are estimated using the full covariance matrix. The cell esds 
are taken into account individually in the estimation of esds in 
distances, angles and torsion angles; correlations between esds in 
cell parameters are only used when they are defined by crystal 
symmetry. An approximate (isotropic) treatment of cell esds is used 
for estimating esds involving l.s. planes.
loop_
__geom_bond_a t om__s ite_label_l 
_geom__bond__a t om__s i t e__l abe 1 _ 2  
_geom_bond_distance 
__geom_bond_s i t e_symme t ry__2 
__geom__bond_publ_f lag
Snl Br2 2.6058(11) . ?
Snl Brl 2.6178(10) . ?
Snl Br3 2.6238 (11) . ?
Sn2 Br4 2.6879(11) . ?
0 1 C2 1.427(9) 7
0 1 C3 1.453 (8 ) 7
05 C15 1.431(9) 7
05 C14 1.444(9) 7
0 2 C4 1.420(9) 7
0 2 C5 1.430(8) 7
04 CIO 1.423(9) 7
04 Cll 1.430(9) 7
03 C9 1.423 (7) 7
03 C 8 1.436(9) 7
06 C16 1.443(9) 7
06 C17 1.446(8) 7
N1 Cl 1.484(9) 7
N1 C13 1.489(9) 7
N1 C7 1.493 (8 ) 7
N2 C18 1.452(9) 7
N2 C6 1.476(9) 7
N2 C12 1.496(9) 7
C4 C3 1.494(11) 7
C4 H4A 0.9700 . 7
C4 H4B 0.9700 . 7
C3 H3A 0.9700 . 7
C3 H3B 0.9700 . 7
C2 Cl 1.525(11) 7
C2 H2A 0.9700 . 7
C2 H2B 0.9700 . 7
Cl H1A 0.9700 . 7
Cl H1B 0.9700 . 7
C13 C14 1.509(10) . ?
C13 H13A 0.9700 7
C13 H13B 0.9700 7
C14 H14A 0.9700 7
C14 H14B 0.9700 7
121
C15 C16 1.511(11) . ?
C15 H15A 0.9700 . ?
C15 H15B 0.9700 . ?
C5 C6 1.496(11) . ?
C5 H5A 0.9700 . ?
C5 H5B 0.9700 . ?
C6 H 6A 0.9700 . ?
C6 H 6B 0.9700 . ?
C12 Cll 1.514 (10) . ?
C12 H12A 0.9700 . ?
C12 H12B 0.9700 . ?
Cll H11A 0.9700 . ?
Cll H U B  0.9700 . ?
CIO C9 1.524(12) . ?
CIO H10A 0.9700 . ?
CIO H10B 0.9700 . ?
C9 H9A 0.9700 . ?
C9 H9B 0.9700 . ?
C8 C7 1.523(9) . ?
C 8 H 8A 0.9700 . ?
C8 H 8B 0.9700 . ?
C7 H7A 0.9700 . ?
C7 H7B 0.9700 . ?
C16 H16A 0.9700 . ?
C16 H16B 0.9700 . ?
C17 C18 1.526 (11) . ?
C17 H17A 0.9700 . ?
C17 H17C 0.9700 . ?
C18 H18C 0.9700 . ?
C18 H18A 0.9700 . ?
loop_
_geom_angle_a t om_s ite_label_l 




_geom_angle_s i t e_symme t ry_3 
_geom_angle_publ_flag 
Br2 Snl Bri 93.52(3) . . ?
Br2 Snl Br3 95.95(3) . . ?
Bri Snl Br3 96.88(4) . . ?
C2 01 C3 111.9(6) . . ?
C15 05 C14 112.6(5) . . ?
C4 02 C5 111.8(6) . . ?
CIO 04 Cll 111.5(6) . . ?
C9 03 C8 112.7(6) . . ?
C16 06 C17 111.2(6) . . ?
Cl NI C13 108.9(5) . . ?
Cl NI C7 111.8 (5) . . ?
C13 NI C7 109.4(5) . . ?
C18 N2 C6 108.0(6) . . ?
C18 N2 C12 111.5(6) . . ?
C6 N2 C12 109.7(6) . . ?
02 C4 C3 108.8 (6 ) . . ?
02 C4 H4A 109.9 . . ?
C3 C4 H4A 109.9 . . ?
02 C4 H4B 109.9 . . ?
C3 C4 H4B 109.9 . . ?
H4A C4 H4B 108.3 . . ?
01 C3 C4 107.8(6) . . ?
01 C3 H3A 110.2 . . ?
C4 C3 H3A 110.2 . . ?
01 C3 H3B 110.2 . . ?
C4 C3 H3B 110.2 . . ?
H3A C3 H3B 108.5 . . ?
01 C2 Cl 108.1(6) . . ?
01 C2 H2A 110.1 . . ?
Cl C2 H2A 110.1 . . ?
01 C2 H2B 110.1 . . ?
Cl C2 H2B 110.1 . . ?
H2A C2 H2B 108.4 . . ?
NI Cl C2 111.6(5) . . ?
NI Cl H1A 109.3 . . ?
C2 Cl H1A 109.3 . . ?
NI Cl H1B 109.3 . . ?
C2 Cl H1B 109.3 . . ?
H1A Cl H1B 108.0 . . ?
NI C13 C14 112.0(5) . . ?
NI C13 H13A 109.2 . . ? 
C14 C13 H13A 109.2 . . ? 
NI C13 H13B 109.2 . . ? 
C14 C13 H13B 109.2 . . ? 
H13A C13 H13B 107.9 . . ? 
05 C14 C13 106.9(6) . . ?
05 C14 H14A 110.3 . . ?
C13 C14 H14A 110.3 . . ?
05 C14 H14B 110.3 . . ?
C13 C14 H14B 110.3 . . ?
H14A C14 H14B 108.6 . . ?
05 C15 C16 106.7(6) . . ?
05 C15 H15A 110.4 . . ?
C16 C15 H15A 110.4 . . ?
05 C15 H15B 110.4 . . ?
C16 C15 H15B 110.4 . . ?
H15A C15 H15B 108.6 . . ? 
02 C5 C 6 109.4 (6 ) . . ?
02 C5 H5A 109.8 . . ?
C6 C5 H5A 109.8 . . ?
02 C5 H5B 109.8 . . ?
C6 C5 H5B 109.8 . . ?
H5A C5 H5B 108.3 . . ?
N2 C6 C5 113.8(6) . .
N2 C6 H 6A 108.8 . . ?
9
?
C5 C6 H 6A 108.8 . .
N2 C6 H 6B 108.8 . . 
C5 C6 H 6B 108.8 . . 
H 6A C6 H 6B 107.7 . 
N2 C12 Cll 114.1(5) 
N2 C12 H12A 108.7 . 
Cll C12 H12A 108.7 
N2 C12 H12B 108.7 . 
Cll C12 H12B 108.7 
H12A C12 H12B 107.6 
04 Cll C12 110.6(6) 
04 Cll H11A 109.5 . 
C12 Cll H11A 109.5 
04 Cll H U B  109.5 . 
C12 Cll H U B  109.5 
H11A Cll H U B  108.1 
04 CIO C9 108.3(6) 
04 CIO H10A 110.0 . 
C9 CIO H10A 110.0 . 
04 CIO H10B 110.0 . 
C9 CIO H10B 110.0 . 
H10A CIO H10B 108.4 
03 C9 CIO 108.4 (6 ) 
03 C9 H9A 110.0 . . 
CIO C9 H9A 110.0 . 
03 C9 H9B 110.0 . . 
CIO C9 H9B 110.0 . 
H9A C9 H9B 108.4 . 
03 C8 C7 106.9(6) .
03 C 8 H 8A 110.3 . .
C7 C8 H 8A 110.3 .
03 C8 H 8B 110.3 .
C7 C8 H 8B 110.3 . .
H 8A C8 H 8B 108.6 . 
N1 C7 C8 114.5(5) .
N1 C7 H7A 108.6 . .
C 8 C7 H7A 108.6 . .
N1 C7 H7B 108.6 . .
C8 C7 H7B 108.6 . .
H7A C7 H7B 107.6 . 
06 C16 C15 106.5(6) 
06 C16 H16A 110.4 . 
C15 C16 H16A 110.4 
06 C16 H16B 110.4 . 
C15 C16 H16B 110.4 
H16A C16 H16B 108.6 
06 C17 C18 108.2(6) 
06 C17 H17A 110.1 . 
C18 C17 H17A 110.1 , 
06 C17 H17C 110.1 . 
C18 C17 H17C 110.1 . 








N2 C18 C17 115.0(6) . . ?
N2 C18 H18C 108.5 . . ?
C17 C18 H18C 108.5 . . ?
N2 C18 H18A 108.5 . . ?
C17 C18 H18A 108.5 . . ?
H18C C18 H18A 107.5 . . ?
loop_
_geom_torsion_atom_site_label_l 
_geom_torsion_atom_site_label_ 2  








C5 02 C4 C3 -167.1(6) . . . .  ?
C2 01 C3 C4 -168.9(6) . . . .  ?
02 C4 C3 01 -50.1(8) . . . .  ?
C3 01 C2 Cl -175.6(6) . . . .  ?
C13 NI Cl C2 178.2(6) . . . .  ?
C7 NI Cl C2 -60.8 (7) . . . . ?
01 C2 Cl N1 -50.5(8) . . . .  ?
Cl NI C13 C14 -163.8(6) . . . .  ?
C7 NI C13 C14 73.8(7) . . . . ?
C15 05 C14 C13 172.0(6) . . . .  ?
NI C13 C14 05 68.8(7) . . . . ?
C14 05 C15 C16 -165.7(6) . . . . ?
C4 02 C5 C 6 -165.8 (6 ) . . . .  ?
C18 N2 C6 C5 -162.5(6) . . . .  ?
C12 N2 C6 C5 75.8(8) . . . . ?
02 C5 C 6 N2 67.8(8) . . . . ?
C18 N2 C12 Cll 94.0(8) . . . . ?
C6 N2 C12 Cll -146.4(6) . . . .  ?
CIO 04 Cll C12 -179.4(5) . . . .  7
N2 C12 Cll 04 60.3 (8 ) . . . . ?
Cll 04 CIO C9 178.3(5) . . . .  ?
C8 03 C9 CIO 163.1(6) . . . .  ?
04 CIO C9 03 -71.5(7) . . . .  ?
C9 03 C 8 C l  162.7(6) . . . .  ?
Cl NI C l  C8 109.5(7) . . . .  ?
C13 NI C l  C8 -129.7(6) . . . .  ?
03 C 8 C7 N1 55.0(8) . . . . ?
C17 06 C16 C15 -166.0 (6 )
05 C15 C16 06 -55.4(7) .
C16 06 C17 C18 -155.5(6) 
C6 N2 C18 C17 177.9(6) .
C12 N2 C18 C17 -61.6(8)








A l.2 cif for compound 46
data_compound 46
_audit_creation_method SHELXL-97





_chemi cal_formula_mo i e ty 




1C19 H36 F3 N2 09 S Sn, C18 H36 N2








'C ' C  0.0033 0.0016
1 International Tables Voi C Tables ' H ' ' H ' 0 . 0 0 0 0  0 . 0 0 0 0
'International Tables Voi C Tables 
'N' 'N' 0.0061 0.0033
'International Tables Voi C Tables 
'O' 'O' 0.0106 0.0060
'International Tables Voi C Tables 
'F ' 'F ' 0.0171 0.0103
'International Tables Voi C Tables 
'S' 'S' 0.1246 0.1234
'International Tables Voi C Tables 
'Sn' 'Sn' -0.6537 1.4246
'International Tables Voi C Tables
4.2 .6 . 8 and
4.2 .6 . 8 and
4.2 .6 . 8 and
4.2 .6 . 8 and
4.2 .6 . 8 and
4.2 .6 . 8 and
4.2 .6 . 8 and
6 .1 .1 .4 ' 
6 .1 .1 .4 ' 
6 .1 .1 .4 ' 
6 .1 .1 .4 ' 
6 .1 .1 .4 ' 
6 .1 .1 .4 ' 
6 .1 .1 .4 '
symmetry_cell_setting








1-x+1 /2 , y+1 /2 , -z+1 /2 1 
'-x, -y, -z 1 
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'SHELXS-97 (Sheldrick, 2008)' 





Refinement of FA2A against ALL reflections. The weighted R-factor wR 
and goodness of fit S are based on FA2A, conventional R-factors R are 
based on F, with F set to zero for negative FA2A . The threshold 
expression of FA2A > 2sigma(FA2A) is used only for calculating R- 
factors(gt) etc. and is not relevant to the choice of reflections for 
refinement. R-factors based on FA2A are statistically about twice as 





_refine_ls_we i ght ing_de tails 

















_refine_ls_shift/su_max 0 . 0 0 1














_at om_s i t e_re f inement_flags
_atom_site_disorder_assembly
_at om_s i t e_di s order_group
Snl Sn 0.76074(3) -0.049299(11) 0.25991(2) 0.01651(9) Uani l i d .  . .
Sn2 Sn 0.75107(3) 0.299626(11) 0.74541(2) 0.01754(9) Uani l i d .  . .
51 S 0.66654(10) 0.33002(4) 0.25645(9) 0.0250(3) Uani l i d .  . .
52 S 0.67870(10) 0.13643(4) 0.03130(9) 0.0250(3) Uani l i d .  . .
53 S 0.69641(10) 0.10040(4) 0.52466(9) 0.0235(3) Uani l i d .  . .
54 S 0.68945(11) 0.42171(4) 0.74544(10) 0.0298(3) Uani l i d .  . .
Fl F 0.7911(3) 0.27005(11) 0.3339(2) 0.0587(11) Uani l i d .  . .
F2 F 0.7073(3) 0.24966(11) 0.2124(2) 0.0549(10) Uani l i d .  . .
F3 F 0.8387(3) 0.29301(11) 0.2144(3) 0.0546(10) Uani l i d .  . .
F4 F 0.8096(3) 0.14948(11) -0.0839(2) 0.0483(9) Uani l i d .  . .
F5 F 0.8665(2) 0.10441(9) 0.0164(2) 0.0331(8) Uani l i d .  . .
F6 F 0.7470(3) 0.08412(11) -0.0842(2) 0.0488(10) Uani l i d .  . .
F7 F 0.8648(2) 0.14814(11) 0.5161(2) 0.0428(9) Uani l i d .  . .
F8 F 0.7630(3) 0.14392(10) 0.3947(2) 0.0395(8) Uani l i d .  . .
F9 F 0.7206(3) 0.18420(9) 0.4985(2) 0.0437(9) Uani l i d .  . .
FIO F 0.8670(3) 0.45679(11) 0.7082(3) 0.0567(11) Uani l i d .  . .
Fil F 0.8242(3) 0.47448(14) 0.8330(3) 0.0747(13) Uani l i d .  . .
F12 F 0.7446(3) 0.50185(12) 0.7191(3) 0.0728(13) Uani l i d .  . .
01 0 0.5826(3) 0.31323(12) 0.3000(2) 0.0347(10) Uani l i d .  . .
02 O 0.7323(3) 0.36214(11) 0.3048(3) 0.0372(10) Uani l i d .  . .
03 0 0.6406(3) 0.33984(12) 0.1653(2) 0.0404(10) Uani l i d .  . .
04 0 0.8011(3) 0.02661(10) 0.2125(2) 0.0239(8) Uani l i d .  . .
05 0 0.9685(3) -0.06722(11) 0.2502(2) 0.0293(9) Uani l i d .  . .
06 0 0.9041(3) -0.03522(10) 0.4009(2) 0.0244(9) Uani l i d .  . .
07 0 0.6697(3) 0.01026(10) 0.3267(2) 0.0236(8) Uani l i d .  . .
08 0 0.5746 (3) -0.08751(11) 0.2538 (2) 0.0249(8) Uani 1 1 d .
09 0 0.6144 (3) -0.03357(11) 0.1228(2) 0.0256(9) Uani 1 1 d .
O 10 O 0.8278 (3) 0.23461(10) 0.6745(2) 0.0231(8) Uani 1 1 d .
Oil O 0.9453 (3) 0.32419(11) 0.7654 (2) 0.0314(9) Uani 1 1 d . B
013 O 0.5419 (3) 0.32564(11) 0.7396(2) 0.0282(9) Uani 1 1 d .
014 O 0.6129(3) 0.29172(11) 0.5930(2) 0.0288 (9) Uani 1 1 d .
015 O 0.6901 (3) 0.22356(10) 0.7938(2) 0.0240 (8 ) Uani 1 1 d .
016 O 0.5936 (3) 0.14917(11) -0.0331(2) 0.0289(9) Uani 1 1 d .
017 O 0.7291 (3) 0.17155 (13) 0.0803 (3) 0.0544 (13) Uani 1 1 d .
018 O 0.6582 (3) 0.09814 (14) 0.0803 (3) 0.0511(12) Uani 1 1 d .
019 O 0.7544 (3) 0.06355(11) 0.4981 (3) 0.0366 (10) Uani 1 1 d .
0 2 0 O 0.7086 (3) 0.10884(11) 0.6164 (2) 0.0312(9) Uani 1 1 d . .
021 0 0.5912(3) 0.10392(12) 0.4808(2) 0.0330(9) Uani l i d .
022 O 0.7529(3) 0.38477(13) 0.7809(4) 0.0655(15) Uani l i d
023 O 0.6553(4) 0.41839(17) 0.6558(3) 0.0774(17) Uani l i d
024 O 0.6149(3) 0.43513(12) 0.8011(2) 0.0343(10) Uani l i d
NI N 0.8442(3) -0.03771(13) 0.1000(3) 0.0255(10) Uani l i d  
N2 N 0.6850(3) -0.06690(12) 0.4150(3) 0.0208(10) Uani l i d  
N3 N 0.8426(3) 0.31485(12) 0.5996(3) 0.0235(10) Uani l i d .
N4 N 0.6446(3) 0.29269(12) 0.8972(3) 0.0211(10) Uani l i d .
Cl C 0.7548(5) 0.28343(19) 0.2543(4) 0.0328(14) Uani l i d .
C2 C 0.8995(4) 0.03052(17) 0.1783(3) 0.0278(13) Uani l i d .
H2A H 0.9566 0.0174 0.2189 0.033 Uiso 1 1 calc R . .
H2B H 0.9164 0.0617 0.1698 0.033 Uiso 1 1 calc R . .
C3 C 0.8888(4) 0.00665(16) 0.0921(4) 0.0312(14) Uani l i d .
H3A H 0.8425 0.0236 0.0485 0.037 Uiso 1 1 calc R . .
H3B H 0.9589 0.0043 0.0715 0.037 Uiso 1 1 calc R . .
C4 C 0.9242(5) -0.07175(18) 0.0970(4) 0.0364(15) Uani l i d  
H4A H 0.9533 -0.0699 0.0407 0.044 Uiso 1 1 calc R . .
H4B H 0.8904 -0.1007 0.1000 0.044 Uiso 1 1 calc R . .
C5 C 1.0131(4) -0.06820(19) 0.1698(4) 0.0362(15) Uani l i d  
H5A H 1.0610 -0.0935 0.1687 0.043 Uiso 1 1 calc R . .
H5B H 1.0541 -0.0412 0.1632 0.043 Uiso 1 1 calc R . .
C6 C 1.0449(4) -0.05740(18) 0.3230(4) 0.0327(14) Uani l i d  
H 6A H 1.0690 -0.0268 0.3198 0.039 Uiso 1 1 calc R . .
H 6B H 1.1067 -0.0769 0.3234 0.039 Uiso 1 1 calc R . .
C7 C 0.9931(4) -0.06416(17) 0.4036(4) 0.0298(14) Uani l i d  
H7A H 0.9695 -0.0949 0.4068 0.036 Uiso 1 1 calc R . .
H7B H 1.0436 -0.0579 0.4557 0.036 Uiso 1 1 calc R . .
C8 C 0.8558(4) -0.03667(16) 0.4805(3) 0.0273(13) Uani l i d  
H 8A H 0.8191 -0.0087 0.4881 0.033 Uiso 1 1 calc R . .
H 8B H 0.9111 -0.0403 0.5305 0.033 Uiso 1 1 calc R . .
C9 C 0.7782(4) -0.07369(16) 0.4794(3) 0.0242(12) Uani l i d  
H9A H 0.8134 -0.1012 0.4658 0.029 Uiso 1 1 calc R . .
H9B H 0.7553 -0.0767 0.5380 0.029 Uiso 1 1 calc R . .
CIO C 0.6168(4) -0.03155(16) 0.4429(3) 0.0259(12) Uani l i d  
H10A H 0.6565 -0.0146 0.4906 0.031 Uiso 1 1 calc R . .
H10B H 0.5549 -0.0447 0.4657 0.031 Uiso 1 1 calc R . .
C U  C 0.5796 (4) -0.00112 (16) 0.3687(3) 0.0241 (12) Uani l i d  
HILA H 0.5260 -0.0157 0.3271 0.029 Uiso 1 1 calc R . .
H U B  H 0.5478 0.0254 0.3911 0.029 Uiso 1 1 calc R . .
C12 C 0.6653(4) 0.05249(15) 0.2859(3) 0.0256(12) Uani l i d  
H12A H 0.6426 0.0749 0.3257 0.031 Uiso 1 1 calc R . .
H12B H 0.6149 0.0522 0.2320 0.031 Uiso 1 1 calc R . .
C13 C 0.7742(4) 0.06191(16) 0.2652(4) 0.0291(13) Uani l i d  
H13A H 0.7760 0.0899 0.2334 0.035 Uiso 1 1 calc R . .
H13B H 0.8240 0.0637 0.3192 0.035 Uiso 1 1 calc R . .
C14 C 0.6270(4) -0.10855(16) 0.3998(3) 0.0266(13) Uani l i d  
H14A H 0.6006 -0.1178 0.4545 0.032 Uiso 1 1 calc R . .
H14B H 0.6759 -0.1313 0.3835 0.032 Uiso 1 1 calc R . .
C15 C 0.5357(4) -0.10490(17) 0.3294(3) 0.0283(13) Uani l i d  
H15A H 0.5040 -0.1340 0.3165 0.034 Uiso 1 1 calc R . .
H15B H 0.4812 -0.0854 0.3483 0.034 Uiso 1 1 calc R . .
C16 C 0.4936(4) -0.07956(18) 0.1835(4) 0.0321(14) Uani l i d
130
H16A H 0.4506 -0.0541 0.1968 0.039 Uiso 1 1 calc R . .
H16B H 0.4470 -0.1053 0.1741 0.039 Uiso 1 1 calc R . .
C17 C 0.5464(4) -0.07071(18) 0.1039(4) 0.0340(15) Uani 1 1 d 
H17A H 0.5880 -0.0964 0.0897 0.041 Uiso 1 1 cale R . .
H17B H 0.4932 -0.0644 0.0536 0.041 Uiso 1 1 cale R . .
C18 C 0.6594(4) -0.01923(17) 0.0465(4) 0.0318(14) Uani 1 1 d 
H18A H 0.6784 0.0120 0.0530 0.038 Uiso 1 1 cale R . .
H18B H 0.6061 -0.0222 -0.0050 0.038 Uiso 1 1 cale R . .
C19 C 0.7553(4) -0.04487(18) 0.0318(3) 0.0332(14) Uani 1 1 d 
H19A H 0.7374 -0.0763 0.0295 0.040 Uiso 1 1 cale R . .
H19B H 0.7771 -0.0366 -0.0252 0.040 Uiso 1 1 calc R 
C20 C 0.9264(4) 0.24284(15) 0.6426(3) 0.0225(12) Uani 1 1 d
H20A H 0.9539 0.2158 0.6185 
H20B H 0.9788 0.2537 0.6899 
C21 C 0.9044(4) 0.27721(16)
H21A H 0.9721 0.2880 0.5552 
H21B H 0.8650 0.2636 0.5197 
C22 C 0.9110(4) 0.35298(16)
H22A H 0.8671 0.3776 0.6386 0.039 Uiso 1 1 calc R
0.027 Uiso 1 1 cale R .
0.027 Uiso 1 1 cale R .
0.5718(3) 0.0264(13) Uani 1 1 d 
0.032 Uiso 1 1 cale R .
0.032 Uiso 1 1 cale R .
0.6226(4) 0.0324(14) Uani 1 1 d
0.039 Uiso 1 1 cale R . 
0.6965(4) 0.0332(14) Uani
H22B H 0.9446 0.3619 0.5710 
C23 C 0.9949(4) 0.34390(17)
H23A H 1.0484 0.3239 0.6774 0.040 Uiso 1 1 calc R 
H23B H 1.0302 0.3714 0.7170 0.040 Uiso 1 1 calc R 
C24 C 1.0177(4) 0.3135(2) 0 
H24A H 
H24B H
8403(4) 0.0376(15) Uani 1 
1.0704 0.3371 0.8523 0.045 Uiso 1 1 cale R A I  















0.8772(8) 0.2761(3) 0.8925(6) 0.027(2) Uani 0.677(16) 1 d PDU B 
0.9566(7) 0.3084(4) 0.9143(6) 0.040(3) Uani 0.677(16) 1 d PDU B
0036 0.2992 0.9667 0.048 Uiso 0.677(16) 
9236 0.3365 0.9271 0.048 Uiso 0.677(16)
1 cale PR B 1 
1 cale PR B 1
8624(14) 0.2929(6) 0.8997(14) 0.031(5) Uani 0.323(16) 1 d PDU
9688(13) 0.2806(7) 0.8951(13) 0.041(6) Uani 0.323(16) 1 d PDU
9715 0.2512 0.8690 0.050 Uiso 0.323(16) 1 calc PR B 2
0080 0.2797 0.9543 0.050 Uiso 0.323(16) 1 calc PR B 2
C26 C 0.8194(4) 0.26809(19)
H26A H 0.8687 0.2710 1.0195 0.040 Uiso 1 1 cale R B
H26B H 0.7944 0.2375 0.9620 0.040 Uiso 1 1 cale R B
C27 C 0.7261(4) 0.29743(17)
H27A H 0.6952 0.2903 1.0264 0.037 Uiso 1 1 calc R
H27B H 0.7500 0.3282 0.9766 0.037 Uiso 1 1 calc R
0.9653(4) 0.0335(14) Uani 1 1 d D
1 
1
0.9725(3) 0.0306(14) Uani 1 1 d .
C28 C 0.5719(4) 0.33018(17) 
H28A H 0.6129 0.3575 0.8920 
H28B H 0.5367 0.3306 0.9472 
C29 C 0.4893(4) 0.32874(19) 
H29A H 0.4427 0.3032 0.8194 
H29B H 0.4456 0.3555 0.8131 
C30 C 0.4702(4) 0.31835(19) 
H30A H 0.4121 0.3399 0.6594
0.8936(4) 0.0298(13) Uani 1 1 d 
0.036 Uiso 1 1 cale R .
0.036 Uiso 1 1 cale R .
0.8155(4) 0.0373(15) Uani 1 1 d 
0.045 Uiso 1 1 cale R .
0.045 Uiso 1 1 cale R .
0.6627(4) 0.0378(15) Uani 1 1 d 
0.045 Uiso 1 1 cale R . .
B
131
H30B H 0.4396 0.2887 0.6640 
C31 C 0.5285(4) 0.32297(17) 
H31A H 0.4805 0.3178 0.5320 
H31B H 0.5572 0.3529 0.5839 
C32 C 0.6704(5) 0.29355(17) 
H32A H 0.6213 0.3008 0.4672 
H32B H 0.7005 0.2644 0.5105 
C33 C 0.7585(4) 0.32690(17) 
H33A H 0.7888 0.3297 0.4746 
H33B H 0.7293 0.3557 0.5439 
C34 C 0.5893(4) 0.25030(16) 
H34A H 0.5166 0.2556 0.9136 
H34B H 0.6257 0.2324 0.9480 
C35 C 0.5849(4) 0.22508(16) 
H35A H 0.5580 0.1952 0.8233 
H35B H 0.5379 0.2399 0.7695 
C36 C 0.7096(4) 0.18870(15) 
H36A H 0.6613 0.1909 0.6810 
H36B H 0.6985 0.1601 0.7631 
C37 C 0.8210(4) 0.19305(15) 
H37A H 0.8693 0.1925 0.7731 
H37B H 0.8401 0.1689 0.6805 
C38 C 0.7787(4) 0.11787(16) 
C39 C 0.7648(4) 0.14587(16) 
C40 C 0.7868(5) 0.46486(18)
0.045 Uiso 1 1 calc R . . 
0.5861(4) 0.0288(14) Uani 
0.035 Uiso 1 1 calc R . . 
0.035 Uiso 1 1 calc R . . 
0.5197(4) 0.0321(14) Uani 
0.038 Uiso 1 1 calc R . . 
0.038 Uiso 1 1 calc R . . 
0.5302(4) 0.0328(14) Uani 
0.039 Uiso 1 1 calc R . . 
0.039 Uiso 1 1 calc R . . 
0.9003(3) 0.0250(13) Uani 
0.030 Uiso 1 1 calc R . . 
0.030 Uiso 1 1 calc R . .
1 1 d . . . 
1 1 d . . . 
1 1 d . . . 
1 1 d . . .
0.8159(3) 0.0250(12) Uani 
0.030 Uiso 1 1 calc R . . 
0.030 Uiso 1 1 calc R . .
1 1 d . . .
0.7359(3) 0.0240(12) Uani 1 1 d . . . 
0.029 Uiso 1 1 calc R . .
0.029 Uiso 1 1 calc R . .
0.7181(3) 0.0240(12) Uani 1 1 d . . . 
0.029 Uiso 1 1 calc R . .
0.029 Uiso 1 1 calc R . .
-0.0334(3) 0.0239(12) Uani 1 1 d . .
0.4811(3) 0.0246(13) Uani 1 1 d . . . 
0.7531(4) 0.0339(15) Uani 1 1 d . . .
loop_
_atom_site_aniso_label 
_at om_s i t e_ani s o_U_l1 
_atom_site_aniso_U_22 
_a t om_s i t e_ani s o_U_3 3 
_at om_s i t e_ani s o_U_2 3 
_atom_site_aniso_U_13 
_a t om_s i t e_an i s o_U_12
Snl 0.01607(17) 0.01479(18) 0.01881(19) -0.00052(15) 0.00269(14) 
0.00046(15)
Sn2 0.01730(18) 0.01547(18) 0.0201(2) -0.00081(14) 0.00318(14) - 
0.00096 (14)
51 0.0229(7) 0.0233(7) 0.0291(8) 0.0008(6) 0.0042(6) 0.0007(6)
52 0.0221(7) 0.0299(8) 0.0229(8) -0.0031(6) 0.0020(6) 0.0034(6)
53 0.0190(7) 0.0249(7) 0.0264(8) -0.0021(6) 0.0018(6) -0.0028(6)
54 0.0262(8) 0.0300(8) 0.0348(9) -0.0062(6) 0.0097(6) -0.0034(6)
Fl 0.082(3) 0.052(2) 0.039(2) 0.0125(18) -0.003(2) 0.031(2)
F2 0.066(3) 0.036(2) 0.062(3) -0.0216(19) 0.006(2) 0.0031(18)
F3 0.040(2) 0.056(2) 0.072(3) 0.006(2) 0.022(2) 0.0155(18)
F4 0.045(2) 0.051(2) 0.053(2) 0.0275(18) 0.0224(18) 0.0099(17)
F5 0.0196(17) 0.0327(18) 0.046(2) 0.0014(15) 0.0004(15) 0.0045(14) 
F6 0.037(2) 0.055(2) 0.053(2) -0.0315(19) 0.0007(17) 0.0054(17)
F7 0.0231(18) 0.055(2) 0.050(2) 0.0021(18) 0.0017(16) -0.0149(16) 
F8 0.048(2) 0.043(2) 0.029(2) -0.0013(15) 0.0103(16) -0.0093(16)
F9 0.056(2) 0.0216(17) 0.054(2) -0.0045(15) 0.0096(18) 0.0008(16)
F10 0.044(2) 0.049(2) 0.084(3) -0.019(2) 0.036(2) -0.0152(18)
132
Fil 0.066(3) 0.111(3) 0.047(3) -0.016(2) 0.002(2) -0.050(3)
F12 0.069(3) 0.034(2) 0.118(4) 0.023(2) 0.021(3) -0.004(2) 
010.029(2) 0.044(2) 0.033(2) -0.0008(18) 0.0091(18) -0.0094(18)
02 0.036(2) 0.023(2) 0.053(3) -0.0095(19) 0.004(2) -0.0055(17)
03 0.045(3) 0.048(3) 0.029(2) 0.0133(19) 0.0058(19) 0.019(2)
04 0.030(2) 0.0149(19) 0.027(2) -0.0040(15) 0.0076(17) -0.0021(15)
05 0.019(2) 0.039(2) 0.031(2) 0.0000(17) 0.0089(17) 0.0017(16)
06 0.021(2) 0.024(2) 0.029(2) 0.0003(16) 0.0025(16) 0.0016(15)
07 0.030(2) 0.0175(19) 0.024(2) -0.0001(15) 0.0055(16) 0.0082(16)
08 0.0167(19) 0.033(2) 0.026(2) -0.0027(16) 0.0034(15) -0.0060(16)
09 0.027(2) 0.023(2) 0.026(2) -0.0035(16) -0.0017(16) -0.0026(16)
010 0.025(2) 0.0163(18) 0.030(2) 0.0020(15) 0.0107(17) 0.0048(15)
011 0.021(2) 0.039(2) 0.034(2) -0.0061(18) 0.0069(18) -0.0062(17)
013 0.0180(19) 0.036(2) 0.031(2) 0.0049(17) 0.0040(17) 0.0061(16)
014 0.030(2) 0.028(2) 0.027(2) 0.0034(17) -0.0015(17) 0.0041(17)
015 0.024(2) 0.022(2) 0.027(2) -0.0072(16) 0.0080(16) -0.0063(16)
016 0.023(2) 0.025(2) 0.039(2) 0.0019(17) 0.0001(17) 0.0054(16)
017 0.034(2) 0.064(3) 0.061(3) -0.048(2) -0.009(2) 0.002(2)
018 0.045(3) 0.062(3) 0.049(3) 0.033(2) 0.020(2) 0.013(2)
019 0.043(2) 0.022(2) 0.045(3) -0.0086(18) 0.006(2) 0.0104(17)
020 0.034(2) 0.036(2) 0.023(2) -0.0051(17) 0.0028(17) -0.0072(17)
021 0.018(2) 0.042(2) 0.038(2) -0.0003(19) -0.0001(17) -0.0017(17)
022 0.036(3) 0.030(2) 0.135(5) 0.006(3) 0.027(3) 0.007(2}-
023 0.082(4) 0.121(4) 0.032(3) -0.018(3) 0.017(3) -0.062(3)
024 0.028(2) 0.042(2) 0.036(2) -0.0017(18) 0.0133(18) 0.0012(18)
NI 0.030(3) 0.021(2) 0.027(3) 0.0018(19) 0.012(2) -0.0009(19)
N2 0.022(2) 0.021(2) 0.019(2) -0.0028(18) 0.0041(18) -0.0015(18)
N3 0.034(3) 0.016(2) 0.023(2) -0.0008(18) 0.011(2) -0.0014(19)
N4 0.030(3) 0.016(2) 0.019(2) 0.0003(18) 0.0089(19) -0.0014(19)
Cl 0.036(4) 0.033(3) 0.029(4) -0.001(3) 0.003(3) 0.007(3)
C2 0.030(3) 0.022(3) 0.033(3) 0.001(2) 0.008(3) -0.007(2)
C3 0.043(4) 0.026(3) 0.028(3) 0.000(2) 0.016(3) -0.010(3)
C4 0.048(4) 0.031(3) 0.036(4) 0.003(3) 0.027(3) 0.006(3)
C5 0.026(3) 0.042(4) 0.044(4) 0.003(3) 0.017(3) 0.007(3)
C6 0.015(3) 0.037(3) 0.047(4) -0.004(3) 0.006(3) 0.002(2)
C7 0.019(3) 0.028(3) 0.040(4) 0.001(3) -0.006(3) 0.004(2)
C8 0.029(3) 0.025(3) 0.027(3) -0.005(2) -0.002(2) 0.005(2)
C9 0.033(3) 0.025(3) 0.014(3) 0.004(2) 0.004(2) 0.005(2)
CIO 0.023 (3) 0.026(3) 0.030(3) -0.005(2) 0 .0 1 0 (2 ) -0 .0 0 1 (2 )
Cil 0.020 (3) 0.024 (3) 0.029(3) -0.007(2) 0.006(2) 0.005(2)
C12 0.039(3) 0.011 (3) 0.025(3) -0.002(2) -0.003 (2) 0.013 (2)
C13 0.039 (3) 0.019(3) 0.029(3) -0.007(2) 0.000(3) 0 . 0 0 0  (2 )
C14 0.028 (3) 0.024 (3) 0.030(3) 0.003(2) 0 .0 1 0 (2 ) -0.007 (2)
C15 0.024 (3) 0.027(3) 0.035(3) -0.006(3) 0.008(3) -0 . 0 1 0  (2 )
C16 0.022 (3) 0.041(3) 0.032(3) -0.005(3) -0.005(3) -0.002 (3)
C17 0.030 (3) 0.034(3) 0.034(4) -0.005(3) -0.011(3) -0.005 (3)
C18 0.038(3) 0.030 (3) 0.025(3) 0.001(3) -0.003 (3) -0.002 (3)
C19 0.051(4) 0.030 (3) 0.020(3) -0.001(2) 0.010(3) -0.006 (3)
C20 0.022 (3) 0.019(3) 0.027(3) -0.006(2) 0.007(2) 0.004 (2)
C21 0.033 (3) 0.022 (3) 0.028(3) -0.004(2) 0.016(3) 0.003 (2)
C22 0.038 (3) 0.022 (3) 0.041(4) 0.001(3) 0.018(3) -0.004 (3)
C23 0.029 (3) 0.029 (3) 0.046(4) -0.006(3) 0.021(3) -0.009 (3)
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C24 0.019(3) 0.047(4) 0.046(4) -0.014(3) 0.001(3) -0.004(3)
012A 0.028(5) 0.029(5) 0.023(4) -0.009(4) -0.001(3) -0.004(4) 
C25A 0.022(5) 0.068(8) 0.029(5) -0.019(5) 0.001(4) -0.009(5)
012B 0.018(7) 0.032(11) 0.041(10) 0.008(9) 0.001(6) -0.010(8) 
C25B 0.027(9) 0.073(15) 0.019(10) -0.012(10) -0.016(8) 0.019(10)
C26 0.034 (3) 0.044(4) 0.022 (3) 0.007(3) 0.000(3) -0.006(3)
C27 0.051(4) 0.024(3) 0.018(3) -0 . 0 0 2  (2 ) 0.007(3) -0.009(3)
C28 0.035(3) 0.026(3) 0.032 (3) 0.005(2) 0.020(3) 0.007(3)
C29 0.026(3) 0.039(4) 0.051(4) 0.013 (3) 0.020(3) 0.009(3)
C30 0.021(3) 0.043(4) 0.049(4) 0.014(3) -0.003(3) 0.001(3)
C31 0.023(3) 0.029(3) 0.030(3) -0.003(2) -0 .0 1 2 (2 ) 0 .0 0 2 (2 )
C32 0.046(4) 0.023(3) 0.025(3) -0 . 0 0 2  (2 ) -0.002(3) 0.009(3)
C33 0.051(4) 0.024(3) 0.026(3) 0.007(2) 0.013(3) 0.004(3)
C34 0.026(3) 0.026(3) 0.025(3) 0.007(2) 0 .0 1 1 (2 ) -0 .0 0 1 (2 )
C35 0.024(3) 0.023(3) 0.029(3) -0 .0 0 1 (2 ) 0.006(2) -0.007(2)
C3 6 0.030(3) 0.014(3) 0.027(3) -0.004 (2) 0 .0 0 1 (2 ) -0 .0 0 1 (2 )
C37 0.030(3) 0.013(3) 0.029(3) 0 .0 0 2 (2 ) 0 .0 0 2 (2 ) 0 .0 0 0 (2 )
C38 0.022(3) 0.024(3) 0.025(3) 0.003 (2) 0.001(2) 0.003(2)
C3 9 0.022(3) 0.024(3) 0.028(3) -0 . 0 1 2  (2 ) 0 .0 0 1 (2 ) 0 .0 0 2 (2 )
C40 0.041(4) 0.030(3) 0.032(4) -0.007(3) 0.008(3) -0.009(3)
_geom_special_details
/
All esds (except the esd in the dihedral angle between two l.s. 
planes) are estimated using the full covariance matrix. The cell esds 
are taken into account individually in the estimation of esds in 
distances, angles and torsion angles; correlations between esds in 
cell parameters are only used when they are defined by crystal 
symmetry. An approximate (isotropic) treatment of cell esds is used 
for estimating esds involving l.s. planes.
loop_
_geom_bond_atom_site_label_l 
_geom_bond_atom_site_label_ 2  
_geom_bond_distance 
_geom_bond_s i t e_symme t ry_ 2  
_geom_bond_publ_flag 
Snl 07 2.457(3) . ?
Snl 04 2.510(3) . ?
Sn2 010 2.528 (3) . ?
SI 01 1.431(4) ?
SI 03 1.443 (4) ?
SI 02 1.444(4) ?
SI Cl 1.822(6) ?
S2 017 1.425(4) ?
S2 018 1.438(4) ?
S2 016 1.439(3) 7
S2 C38 1.809(5) 7
S3 020 1.434(4) 7
S3 021 1.436(4) 7
S3 019 1.438(4) 7
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53 C39 1.817(5) . ?
54 023 1.408 (5) . ?
S4 024 1.421(4) . ?
S4 022 1.461(4) . ?
S4 C40 1.810(6) . ?
FI Cl 1.329(6) . ?
F2 Cl 1.328(6) . ?
F3 Cl 1.334(6) . ?
F4 C38 1.333(6 ) . ? 
F5 C38 1.348(5) . ?
F6 C38 1.331(6) . ?
F7 C39 1.329(5) . ?
F8 C39 1.337(6) . ?
F9 C3 9 1.344 (5) . ?
FIO C40 1.330(6) . ?
Fil C40 1.306(6) . ?
F12 C40 1.335(7) . ?
04 C13 1..422(6) ?
04 C2 1. 428(6) . ?
05 C5 1. 432(6) . ?
05 C6 1. 432(6) . ?
06 C7 1. 440(6) . ?
06 C8 1. 444(6) . ?
07 Cll 1 .434(6 ) ?
07 C12 1 .437(5) ?
08 C15 1 .429(6) ?
08 C16 1 .430 (6 ) ?
09 C17 1 .440(6) ?
09 C18 1 .444(6 ) ?
OlO C20 1.431(6) ?
OlO C37 1.448(5) ?
Oil C24 1.431 (6 ) ?
Oil C23 1.438(6) ?
013 C29 1.427(6) ?
013 C30 1.429(6) ?
014 C32 1.426 (6 ) ?
014 C31 1.437(6) ?
015 C35 1.429(6) ?
015 C36 1.435 (5) ?
N1 C4 1. 466(6) . ?
N1 C19 1 .472 (6 ) ?
N1 C3 1. 484(6) . ?
N2 C9 1. 474(6) . 9
N2 C14 1 .480 (6 ) ?
N2 CIO 1 .487 (6 ) ?
N3 C33 1 .473(6 ) ?
N3 C22 1 .476(6) ?
N3 C21 1 .490(6) ?
N4 C27 1 .473(6 ) ?
N4 C28 1 .474(6 ) ?
N4 C34 1 .482(6) ?
C2 C3 1. 513(7) . ?
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C2 H2A 0.9900 . ?
C2 H2B 0.9900 . ?
C3 H3A 0.9900 . 7
C3 H3B 0.9900 . ?
C4 C5 1.505(8) ?
C4 H4A 0.9900 . ?
C4 H4B 0.9900 . ?
C5 H5A 0.9900 . 7
C5 H5B 0.9900 . 7
C6 C7 1.496(7) 7
C6 H 6A 0.9900 . 7
C 6 H 6B 0.9900 . ?
C7 H7A 0.9900 . 7
C7 H7B 0.9900 . ?
C8 C9 1.505(7) . 7
C 8 H 8A 0.9900 . 7
C8 H 8B 0.9900 . 7
C9 H9A 0.9900 . 7
C9 H9B 0.9900 . 7
CIO Cll 1.511(7) 7
CIO H10A 0.9900 7
CIO H10B 0.9900 7
Cll H11A 0.9900 7
Cll H U B  0.9900 7
C12 C13 1.495(7) 7
C12 H12A 0.9900 7
C12 H12B 0.9900 7
C13 H13A 0.9900 7
C13 H13B 0.9900 7
C14 C15 1.501(7) 7
C14 H14A 0.9900 7
C14 H14B 0.9900 7
C15 H15A 0.9900 7
C15 H15B 0.9900 7
C16 C17 1.500(7) 7
C16 H16A 0.9900 7
C16 H16B 0.9900 7
C17 H17A 0.9900 7
C17 H17B 0.9900 7
C18 C19 1.497(7) 7
C18 H18A 0.9900 7
C18 H18B 0.9900 7
C19 H19A 0.9900 7
C19 H19B 0.9900 7
C20 C21 1.521(7) 7
C20 H20A 0.9900 7
C20 H20B 0.9900 7
C21 H21A 0.9900 7
C21 H21B 0.9900 7
C22 C23 1.498(7) 7
C22 H22A 0.9900 7
C22 H22B 0.9900 7
C23 H23A 0.9900 . ?
C23 H23B 0.9900 . ?
C24 C25A 1.471(9) . ?
C24 C25B 1.502(16) . ?
C24 H24A 0.9900 . ?
C24 H24B 0.9900 . ? 
012A C25A 1.429(10) . ?
012A C26 1.441(9) . ?
C25A H25A 0.9900 . ? 
C25A H25B 0.9900 . ? 
012B C25B 1.421(16) . ?
012B C26 1.431(14) . ?
C25B H25C 0.9900 . ? 
C25B H25D 0.9900 . ?
C26 C27 1.509(7) ?
C26 H26A 0.9900 . ?
C26 H26B 0.9900 . ?
C27 H27A 0.9900 . ?
C27 H27B 0.9900 . ?
C28 C29 1.507(8) ?
C28 H28A 0.9900 . ?
C28 H28B 0.9900 . ?
C29 H29A 0.9900 . ?
C29 H29B 0.9900 . ?
C30 C31 1.482(8) 7
C30 H30A 0.9900 . 7
C3 0 H30B 0.9900 . 7
C31 H31A 0.9900 . 7
C31 H31B 0.9900 . 7
C32 C33 1.515(7) 7
C32 H32A 0.9900 . 7
C32 H32B 0.9900 . 7
C33 H33A 0.9900 . 7
C33 H33B 0.9900 . 7
C34 C35 1.513(7) 7
C34 H34A 0.9900 . 7
C34 H34B 0.9900 . 7
C35 H35A 0.9900 . 7
C35 H35B 0.9900 . 7
C36 C37 1.489(7) 7
C36 H36A 0.9900 . 7
C36 H36B 0.9900 . 7
C37 H37A 0.9900 . 7
C37 H37B 0.9900 . 7
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_geom_angle_atom_site_label_l 
_geom_angle_atom_site_label_ 2  
_geom_ang1e_a t om_s i t e_labe1_3 
_geom_angle
_geom_angl e_s i t e_symme t ry_l 
_geom_angle_s i t e_symme t ry_3
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C27 N4 C28 109.6(4) . . ?
C27 N4 C34 110.8 (4) . . ?
C28 N4 C34 112.4(4) . . ?
F2 Cl Fl 107.5(5) . . ?
F2 Cl F3 107.0(5) . . ?
Fl Cl F3 106.7(5) . . ?
F2 Cl SI 111.7(4) . . ?
Fl Cl SI 111.9(4) . . ?
F3 Cl SI 111.8(4) . . ?
04 C2 C3 107.3(4) . . ?
04 C2 H2A 110.3 . . ?
C3 C2 H2A 110.3 . . ?
04 C2 H2B 110.3 . . ?
C3 C2 H2B 110.3 . . ?
H2A C2 H2B 108.5 . . ?
NI C3 C2 111.4(4) . . ?
NI C3 H3A 109.4 . . ?
C2 C3 H3A 109.4 . . ?
NI C3 H3B 109.4 . . ?
C2 C3 H3B 109.4 . . ?
H3A C3 H3B 108.0 . . ?
NI C4 C5 113.1(5) . . ?
NI C4 H4A 109.0 . . ?
C5 C4 H4A 109.0 . . ?
NI C4 H4B 109.0 . . ?
C5 C4 H4B 109.0 . . ?
H4A C4 H4B 107.8 . . ?
05 C5 C4 107.9(4) . . ?
05 C5 H5A 110.1 . . ?
C4 C5 H5A 110.1 . . ?
05 C5 H5B 110.1 . . ?
C4 C5 H5B 110.1 . . ?
H5A C5 H5B 108.4 . . ?
05 C6 C7 107.3 (4) . . ?
05 C6 H6A 110.2 . . ?
C l  C6 H6A 110.2 . . ?
05 C6 H6B 110.2 . . ?
Cl C6 H6B 110.2 . . ?
H6A C6 H6B 108.5 . . ?
06 Cl C6 108.6(4) . . ?
06 Cl H1A 110.0 . . ?
C6 Cl H7A 110.0 . . ?
06 Cl H1B 110.0 . . ?
C6 Cl H1B 110.0 . . ?
H7A Cl H1B 108.3 . . ?
06 C8 C9 111.3 (4) . . ?
06 C8 H8A 109.4 . . ?
C9 C8 H8A 109.4 . . ?
06 C8 H8B 109.4 . . ?
C9 C8 H8B 109.4 . . ?
H8A C8 H8B 108.0 . . ?
N2 C9 C8 112.3 (4) . . ?
?
N2 C9 H9A 109.1 . . ?
C8 C9 H9A 109.1 . . ?
N2 C9 H9B 109.1 . . ?
C8 C9 H9B 109.1 . . ?
H9A C9 H9B 107.9 . .
N2 CIO Cll 111.7(4) . . ?
N2 CIO H10A 109.3 . . ? 
Cll CIO H10A 109.3 . . ? 
N2 CIO HIOB 109.3 . . ? 
Cll CIO HIOB 109.3 . . ? 
H10A CIO HIOB 107.9 . . ?
07 Cll CIO 107.4 (4) . . ?
07 Cll H11A 110.2 . . ?
CIO Cll H11A 110.2 . . ?
07 Cll H U B  110.2 . . ? 
CIO Cll H U B  110.2 . . ? 
H11A Cll H U B  108.5 . . ? 
07 C12 C13 106.2(4) . . ?
07 C12 H12A 110.5 . . ?
C13 C12 H12A 110.5 . . ?
07 C12 H12B 110.5 . . ?
C13 C12 H12B 110.5 . . ?
H12A C12 H12B 108.7 . . ?
04 C13 C12 105.8(4) . . ?
04 C13 H13A 110.6 . . ? 
C12 C13 H13A 110.6 . . ? 
04 C13 H13B 110.6 . . ? 
C12 C13 H13B 110.6 . . ? 
H13A C13 H13B 108.7 . . ? 
N2 C14 C15 112.5(4) . . ?
N2 C14 H14A 109.1 . . ?
C15 C14 H14A 109.1 . . ? 
N2 C14 H14B 109.1 . . ?
C15 C14 H14B 109.1 . . ? 
H14A C14 H14B 107.8 . . ?
08 C15 C14 107.8(4) . . ?
08 C15 H15A 110.1 . . ? 
C14 C15 H15A 110.1 . . ? 
08 C15 H15B 110.1 . . ? 
C14 C15 H15B 110.1 . . ? 
H15A C15 H15B 108.5 . . ? 
08 C16 C17 107.4(4) . . ?
08 C16 H16A 110.2 . . ?
C17 C16 H16A 110.2 . . ?
08 C16 H16B 110.2 . . ? 
C17 C16 H16B 110.2 . . ? 
H16A C16 H16B 108.5 . . ?
09 C17 C16 107.3 (4) . . ?
09 C17 H17A 110.3 . . ? 
C16 C17 H17A 110.3 . . ?
09 C17 H17B 110.3 . . ? 
C16 C17 H17B 110.3 . . ?
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H17A C17 H17B 108.5 . . ?
09 C18 C19 112.3 (4) . . ?
09 C18 H18A 109.1 . . ?
C19 C18 H18A 109.1 . . ?
09 C18 H18B 109.1 . . ?
C19 C18 H18B 109.1 . . ? 
H18A C18 H18B 107.9 . . ?
NI C19 C18 112.9(4) . . ?
NI C19 H19A 109.0 . . ?
C18 C19 H19A 109.0 . . ?
NI C19 H19B 109.0 . . ?
C18 C19 H19B 109.0 . . ? 
H19A C19 H19B 107.8 . . ?
010 C20 C21 106.0(4) . . ?
OIO C20 H20A 110.5 . . ?
C21 C20 H20A 110.5 . . ?
010 C20 H20B 110.5 . . ?
C21 C20 H20B 110.5 . . ?
H20A C20 H2OB 108.7 . . ?
N3 C21 C20 112.7(4) . . ?
N3 C21 H21A 109.1 . . ?
C20 C21 H21A 109.1 . . ?
N3 C21 H21B 109.1 . . ?
C20 C21 H21B 109.1 . . ? 
H21A C21 H21B 107.8 . . ?
N3 C22 C23 112.7(4) . . ?
N3 C22 H22A 109.0 . . ?
C23 C22 H22A 109.0 . . ?
N3 C22 H22B 109.0 . . ?
C23 C22 H22B 109.0 . . ?
H22A C22 H22B 107.8 . . ?
011 C23 C22 107.8(4) . . ?
Oll C23 H23A 110.2 . . ?
C22 C23 H23A 110.2 . . ?
Oll C23 H23B 110.2 . . ?
C22 C23 H23B 110.2 . . ?
H23A C23 H23B 108.5 . . ?
Oll C24 C25A 107.7(5) . . ?
Oll C24 C25B 109.8(8) . . ?
Oll C24 H24A 110.2 .. ?
C25A C24 H24A 110.2 . . ?
C25B C24 H24A 134.7 . . ?
Oll C24 H24B 110.2 . . ?
C25A C24 H24B 110.2 . . ? 
C25B C24 H24B 76.2 . .  ? 
H24A C24 H24B 108.5 . . ? 
C25A 012A C26 110.5(7) . . ?
012A C25A C24 108.6(7) . . ?
012A C25A H25A 110.0 . . ? 
C24 C25A H25A 110.0 . . ? 
012A C25A H25B 110.0 . .
C24 C25A H25B 110.0 . . ?
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H25A C25A H25B 1 0 8 . 4  . . ? C25B 012B C26 1 1 0 . 3 ( 1 3 )  . . ?012B C25B C24 1 0 8 . 4 ( 1 3 )  . . ?012B C25B H25C 1 1 0 . 0  . . ?C24 C25B H25C 1 1 0 . 0  . . ?012B C25B H25D 1 1 0 . 0  . . ?C24 C25B H25D 1 1 0 . 0  . . ?H25C C25B H25D 1 0 8 . 4  . . ?012B C2 6 C27 9 6 . 4  (8) . . ?012 A  C26 C27 1 1 6 . 1 ( 6 )  . . ?012B C26 H26A 1 0 7 . 1  . . ?012 A  C26 H26A 1 0 8 . 3  . . ?C27 C26 H26A 1 0 8 . 3  . . ?012B C26 H26B 1 2 7 . 9  . . ?012 A  C26 H26B 1 0 8 . 3  . . ?C27 C26 H26B 1 0 8 . 3  . . ?H26A C26 H26B 1 0 7 . 4  . . ?N4 C27 C26 1 1 1 . 9 ( 4 )  . . ?N4 C27 H27A 1 0 9 . 2  . . ?C26 C27 H27A 1 0 9 . 2  . . ?N4 C27 H27B 1 0 9 . 2  . . ?C26 C27 H27B 1 0 9 . 2  . . ?H27A C27 H27B 1 0 7 . 9  . . ?N4 C28 C29 1 1 2 . 7 ( 4 )  . . ?N4 C28 H28A 1 0 9 . 1  . . ?C29 C28 H28A 1 0 9 . 1  . . ?N4 C28 H28B 1 0 9 . 1  . . ?C29 C28 H28B 1 0 9 . 1  . . ?H28A C28 H28B 1 0 7 . 8  . . ?013 C29 C28 1 0 8 . 0 ( 4 )  . . ?013 C29 H29A 1 1 0 . 1  . . ?C28 C29 H29A 1 1 0 . 1  . . ?013 C29 H29B 1 1 0 . 1  . . ?C28 C29 H29B 1 1 0 . 1  . . ?H29A C29 H29B 1 0 8 . 4  . . ?013 C30 C31 1 0 8 . 5 ( 4 )  . . ?013 C30 H30A 1 1 0 . 0  . . ?C31 C30 H30A 1 1 0 . 0  . . ?013 C3 0 H3 OB 1 1 0 . 0  . . ?C31 C30 H3OB 1 1 0 . 0  . . ?H30A C30 H3OB 1 0 8 . 4  . . ?014 C31 C30 1 0 8 . 8  (4) . . ?014 C31 H31A 1 0 9 . 9  . . ?C30 C31 H31A 1 0 9 . 9  . . ?014 C31 H31B 1 0 9 . 9  . . ?C30 C31 H31B 1 0 9 . 9  . . ?H31A C31 H31B 1 0 8 . 3  . . ?014 C32 C33 1 1 2 . 9 ( 4 )  . . ?014 C32 H32A 1 0 9 . 0  . . ?C33 C32 H32A 1 0 9 . 0  . . ?014 C32 H32B 1 0 9 . 0  . . ?C33 C32 H32B 1 0 9 . 0  .
H32A C32 H32B 107.8 . . ?
N3 C33 C32 112.2(4) . . ?
N3 C33 H33A 109.2 . . ?
C32 C33 H33A 109.2 . . ?
N3 C33 H33B 109.2 . . ?
C32 C33 H33B 109.2 . . ?
H33A C33 H33B 107.9 . . ?
N4 C34 C35 112.8(4) . . ?
N4 C34 H34A 109.0 . . ?
C35 C34 H34A 109.0 . . ?
N4 C34 H34B 109.0 . . ?
C35 C34 H34B 109.0 . . ?
H34A C34 H34B 107.8 . . ?
015 C35 C34 106.6 (4) . . ?
015 C35 H35A 110.4 . . ?
C34 C35 H35A 110.4 . . ?
015 C35 H35B 110.4 . . ?
C34 C35 H35B 110.4 . . ?
H35A C35 H35B 108.6 . . ?
015 C36 C37 106.9(4) . . ?
015 C36 H36A 110.3 . . ?
C37 C36 H36A 110.3 . . ?
015 C36 H36B 110.3 . . ?
C37 C36 H36B 110.3 . . ?
H36A C36 H36B 108.6 . . ?
OIO C37 C36 106.1(4) . . ?
OIO C37 H37A 110.5 . . ?
C36 C37 H37A 110.5 . . ?
010 C37 H37B 110.5 . . ?
C36 C37 H37B 110.5 . . ?
H37A C37 H37B 108.7 . . ?
F6 C38 F4 108.0 (4) . . ?
F6 C38 F5 105.9(4) . . ?
F4 C38 F5 105.8(4) . . ?
F6 C3 8 S2 112.6 (4) . . ?
F4 C38 S2 112.1(3) . . ?
F5 C38 S2 112.0(4) . . ?
F7 C39 F8 108.0(4) . . ?
F7 C39 F9 106.3 (4) . . ?
F8 C39 F9 106.4(4) . . ?
F7 C39 S3 111.8(4) . . ?
F8 C39 S3 112.7(3) . . ?
F9 C3 9 S3 111.2 (4) . . ?
Fil C40 FIO 108.6(5) . . ?
Fil C40 F12 105.5 (5) . . ?
FIO C40 F12 104.6(5) . . ?
Fil C40 S4 113.4 (4) . . ?
FIO C40 S4 113.5(4) . . ?










_geom_torsion_site_s ymme t ry_3 
_geom_t ors i on_s i t e_symme t ry_4 
_geom_torsion_publ_flag 
07 Snl 04 C13 16.9(3) . . . . ?
07 Snl 04 C2 157.2 (3) . . . .  ?
04 Snl 07 Oil 163.3(3) . . . . ?
04 Snl 07 C12 17.4(3) . . . . ?
01 SI Cl F2 59.4 (5) . . . . ?
03 SI Cl F2 -61.5(5) . . . .  ?
02 SI Cl F2 179.3(4) . . . .  ?
01 SI Cl FI -61.2(5) . . . .  ?
03 SI Cl FI 177.9(4) . . . .  ?
02 SI Cl FI 58.8 (5) . . . . ?
01 SI Cl F3 179.2 (4) . . . .  ?
03 SI Cl F3 58.3(5) . . . . ?
02 SI Cl F3 -60.8 (4) . . . . ?
C13 04 C2 C3 -149.7(4) . . . .  ?
Snl 04 C2 C3 69.2 (4) . . . . ?
C4 N1 C3 C2 -106.6(5) . . . .  ?
C19 N1 C3 C2 129.7 (5) . . . .  ?
04 C2 C3 N1 -49.3 (6) . . . . ?
C19 N1 C4 C5 -175.4(4) . . . .  ?
C3 N1 C4 C5 61.1(6) . . . . ?
C6 05 C5 C4 -171.3 (4) . . . .  ?
N1 C4 C5 05 53.8(6) . . . . ?
C5 05 C6 C7 -171.3 (4) . . . .  ?
C8 06 C l  C6 -174.3 (4) . . . .  ?
05 C6 C l  06-60.1(5) . . . . ?
C l  06 C8 C9 -84.6(5) . . . .  ?
C14 N2 C9 C8 164.7(4) . . . .  ?
CIO N2 C9 C8 -71.1(5) . . . .  ?
06 C8 C9 N2 -67.8(5) . . . . ?
C9 N2 CIO Cll 135.9(4) . . . .  ?
C14 N2 CIO Cll -101.2(5) . . . . ?
C12 07 Cll CIO -150.9(4) . . . .  7
Snl 07 Cll CIO 62.1(4) . . . . ?
N2 CIO Cll 07 -47.6(5) . . . .  ?
Cll 07 C12 C13 167.0(4) . . . .  ?
Snl 07 C12 C13 -46.4(4) . . . .  ?
C2 04 C13 C12 174.8(4) . . . .  ?
Snl 04 C13 C12 -45.5(5) . . . .  ?
07 C12 C13 04 56.7(5) . . . . ?
C9 N2 C14 C15 -175.3(4) . . . .  ?
CIO N2 C14 C15 60.8(6) . . . . ?
C16 08 C15 C14 -175.9(4) . . . . ?
N2 C14 C15 08 53.4(5) . . . . ?
•?C15 08 C16 C17 -168.2 (4)
C18 09 C17 C16 -173.1(4) . . . .  ?
08 C16 C17 09 -58.7(5) . . . .  ?
C17 09 C18 C19 -83.5(5) . . . .  ?
C4 NI C19 C18 164.1(4) . . . .  ?
C3 NI C19 C18 -71.6(6) . . . .  ?
09 C18 C19 NI -66.5(6) . . . .  ?
C37 OIO C20 C21 158.5(4) . . . .  ?
Sn2 OIO C20 C21 -63.2(4) . . . .  ?
C33 N3 C21 C20 -135.8(4) . . . .  ?
C22 N3 C21 C20 102.1(5) . . . .  ?
010 C20 C21 N3 48.3(5) . . . . ?
C33 N3 C22 C23 176.7(4) . . . . ?
C21 N3 C22 C23 -60.8(6) . . . . ?
C24 Oll C23 C22 179.6(4) . . . .  ?
N3 C22 C23 Oll -49.3(6) . . . .  ?
C23 Oll C24 C25A 160.7(6) . . . .  ?
C23 Oll C24 C25B -161.2(10) . . . .  ?
C26 012A C25A C24 176.5(6) . . . .  ?
011 C24 C25A 012A 56.2(12) . . . .  ?
C25B C24 C25A 012A -43.4(12) . . . .  7 
C26 012B C25B C24 -167.9(12) . . . .  7 
Oll C24 C25B 012B -43(2) . . . .  ?
C25A C24 C25B 012B 50.4(17) . . . .  ?
C25B 012B C26 012A -45(2) . . . .  ?
C25B 012B C26 C27 163(2) . . . .  ?
C25A 012A C26 012B 56(3) . . . .  ?
C25A 012A C26 C27 87.5(12) . . . .  ?
C28 N4 C27 C26 -163.2(4) . . . .  ?
C34 N4 C27 C26 72.1(5) . . . . 7
012B C26 C27 N4 73.9(11) . . . .  ?
012A C26 C27 N4 62.3(7) . . . . 7
C27 N4 C28 C29 177.2(4) . . . .  ?
C34 N4 C28 C29 -59.1(6) . . . .  ?
C30 013 C29 C28 172.4(4) . . . .  ?
N4 C28 C29 013 -55.5(6) . . . .  ?
C29 013 C30 C31 170.6(4) . . . .  ?
C32 014 C31 C30 178.2(4) . . . .  ?
013 C30 C31 014 59.1(6) . . . .  ?
C31 014 C32 C33 87.2(5) . . . .  ?
C22 N3 C33 C32 -165.3(4) . . . .  ?
C21 N3 C33 C32 71.8(5) . . . .  ?
014 C32 C33 N3 66.8(6) . . . . 7
C27 N4 C34 C35 -129.2(5) . . . .  ?
C28 N4 C34 C35 107.7(5) . . . .  ?
C36 015 C35 C34 158.2(4) . . . .  ?
N4 C34 C35 015 50.9(5) . . . . 7
C35 015 C36 C37 178.3(4) . . . .  ?
C20 OIO C37 C36 -173.1(4) . . . .  ?
Sn2 OIO C37 C36 49.3(4) . . . .  ?
015 C36 C37 OIO -62.9(5) . . . .  ?
017 S2 C3 8 F6 179.3 (4) . . . .  ?
145
018 S2 C38 F6 58.5(4) . ?
016 S2 C38 F6 -60.9(4) . 9
017 S2 C38 F4 -58.7(4) . 9
018 S2 C38 F4 -179.5 (4) 9
016 S2 C3 8 F4 61.1(4) . ?
017 S2 C3 8 F5 60.0(4) . ?
018 S2 C3 8 F5 -60.7(4) . 9
016 S2 C3 8 F5 179.9(3) . ?
02 0 S3 C39 F7 57.7(4) . ?
021 S3 C3 9 F7 179.0(4) . ?
019 S3 C3 9 F7 -62.1(4) . 9
020 S3 C39 F8 179.7(3) . ?
021 S3 C3 9 F8 -59.0(4) . 9
019 S3 C3 9 F8 59.8(4) . ?
02 0 S3 C3 9 F9 -60.9(4) . 9
021 S3 C3 9 F9 60.4(4) . ?
019 S3 C3 9 F9 179.2(4) . ?
023 S4 C40 Fll 176.5 (5) ?
024 S4 C40 Fll 52.1(5) . ?
022 S4 C40 Fll -64.9(5) 9
023 S4 C40 FIO -58.9(5) 9
024 S4 C40 FIO 176.7(4) ?
022 S4 C40 FIO 59.7(5) . ?
023 S4 C40 F12 58.3(5) . 9
024 S4 C40 F12 -66.2(5) 9













A2.1 Input File for Geometry Optimization and NBO Calculations of Complexes 43-45
The following are input files for the geometry optimization and NBO calculations of 
compounds 43-46. Note that two separate calculations were performed on the two 







# tpsstpss/lanl2dz pop=riboread scf=tight int=grid=ultrafine 
Sn Cryptand NBO
0 2
Sn 3.35070000 8.53290000 8.82960000
Cl 0.89060000 8.56360000 9.09500000
Cl 3.41730000 6.12390000 8.37520000
Cl 3.86390000 8.32920000 11.24170000
0 -0.20230000 5.43210000 11.82210000
0 1.75300000 4.24480000 13.21750000
0 -2.07530000 1.26240000 10.40790000
0 -0.29350000 0.00450000 11.91490000
0 2.30630000 1.65370000 10.24710000
0 0.25940000 3.10900000 8.80540000
N 1.85090000 1.28260000 13.15660000
N -2.02410000 4.18090000 10.13990000
C -2.43910000 5.28080000 11.03100000
H -2.78290000 4.90070000 11.87860000
H -3.17460000 5.78640000 10.60350000
C -1.28420000 6.23490000 11.33960000
H -1.01300000 6.72260000 10.52240000
H -1.55600000 6.89530000 12.02500000
C 0.88110000 6.24160000 12.24520000
H 0.66440000 6.67770000 13.10740000
H 1.06140000 6.94680000 11.57440000
C 2.10510000 5.34350000 12.40460000
H 2.40860000 5.02510000 11.51780000
147
H 2.84510000 5.85140000 12.82340000
C 2.86960000 3.47790000 13.60290000
H 3.77720000 3.73910000 13.50580000
C 2.41260000 2.22440000 14.17240000
H 1.71880000 2.41390000 14.85190000
H 3.17170000 1.78490000 14.63170000
C 2.94410000 0.70300000 12.34810000
H 3.22130000 -0.14690000 12.77120000
H 3.71790000 1.31960000 12.39160000
C -3.17230000 3.28730000 9.92540000
H -3.80970000 3.71900000 9.30240000
H -3.63970000 3.14270000 10.78610000
C -2.75090000 1.95870000 9.36030000
H -3.54220000 1.44520000 9.06040000
H -2.14660000 2.08880000 8.58660000
C -1.75060000 -0.07400000 10.07760000
H -0.99620000 -0.09640000 9.43710000
H -2.52870000 -0.52470000 9.66460000
C -1.36970000 -0.75900000 11.34830000
H -2.13960000 -0.78710000 11.96990000
H -1.07600000 -1.68740000 11.16570000
C 0.38740000 -0.72990000 12.95810000
H 1.04490000 -1.35210000 12.55820000
H -0.26660000 -1.26130000 13.47830000
C 1.09210000 0.24440000 13.86810000
H 0.41960000 0.68280000 14.44770000
H 1.71190000 -0.25790000 14.45490000
C 2.64830000 0.42720000 10.89770000
H 3.44260000 0.02580000 10.46300000
H 1.89720000 -0.21410000 10.82380000
C 1.93380000 1.40710000 8.85460000
H 1.17860000 0.76800000 8.80970000
H 2.69940000 1.02700000 8.35620000
C 1.52860000 2.74800000 8.25910000
H 2.20300000 3.43750000 8.48230000
H 1.46760000 2.67740000 7.27380000
C -0.00010000 4.50710000 8.62720000
H 0.26520000 4.79640000 7.71870000
H 0.50540000 5.04080000 9.29080000
C -1.51670000 4.68990000 8.83000000
H -1.73340000 5.65300000 8.75760000
H -1.99330000 4.21900000 8.10120000
Sn -0.24860000 2.69550000 11.60610000









# tpsstpss/lanl2dz pop=nboread scf=tight int=grid=ultrafine 
CryptSnBr NBO analysis
0 1 
Sn 8.41440000 6.47870000 10.20360000
N 6.33290000 5.08840000 8.63820000
Br 10.18890000 6.38660000 8.18680000
C 7.10900000 4.07630000 7.94350000
H 7.78020000 4.52060000 7.40270000
H 6.51920000 3.59620000 7.34110000
C 7.80710000 3.06300000 8.84630000
H 7.15520000 2.45710000 9.23180000
H 8.44340000 2.54250000 8.33190000
0 8.49030000 3.78890000 9.89420000
C 9.59180000 3.02490000 10.42470000
H 10.33110000 3.01450000 9.79750000
H 9.31810000 2.10970000 10.59480000
C 10.00270000 3.70120000 11.71300000
H 9.28700000 3.64810000 12.36520000
H 10.79100000 3.27300000 12.08230000
0 10.28210000 5.06650000 11.38910000
C 10.99660000 5.75090000 12.44140000
H 11.78270000 5.24420000 12.70080000
H 10.42800000 5.85820000 13.21960000
C 11.39890000 7.09890000 11.89620000
H 12.01240000 7.52360000 12.51610000
H 11.86340000 6.97650000 11.05350000
N 10.22330000 7.98750000 11.68220000
C 5.22320000 4.47680000 9.43400000
H 4.96350000 3.64120000 9.01480000
H 4.45740000 5.07000000 9.40620000
C 5.57660000 4.20440000 10.88050000
H 4.81930000 3.79470000 11.32750000
H 6.32200000 3.58580000 10.92160000
0 5.92700000 5.41970000 11.54890000
C 6.27570000 5.18540000 12.90890000
H 7.01510000 4.55870000 12.95870000
H 5.52080000 4.80680000 13.38520000
C 6.67540000 6.51600000 13.53620000
H 6.00780000 7.19120000 13.33690000
H 6.73810000 6.42370000 14.49910000
0 7.93610000 6.90380000 13.00130000
c 8.22540000 8.29340000 13.21520000
H 7.97860000 8.55420000 14.11660000
H 7.72810000 8.84270000 12.58800000
C 9.72230000 8.47220000 13.00420000
H 9.93740000 9.41400000 13.09070000
H 10.19300000 7.99790000 13.70620000
C 5.77340000 6.00820000 7.62990000
H 5.02610000 5.57310000 7.19020000
H 6.44940000 6.18250000 6.95720000
C 5.30660000 7.31240000 8.19410000
H 4.83330000 7.81560000 7.51260000
H 4.69750000 7.15310000 8.93130000
0 6.43640000 8.06140000 8.65280000
C 6.04830000 9.14860000 9.47940000
H 5.74990000 8.81730000 10.34120000
H 5.31530000 9.63210000 9.06910000
C 7.21980000 10.05680000 9.66120000
H 7.41700000 10.51730000 8.83020000
H 7.02640000 10.72040000 10.34120000
0 8.35400000 9.24320000 10.06270000
C 9.45160000 10.04070000 10.50540000
H 9.20610000 10.53120000 11.30410000
H 9.69750000 10.67890000 9.81650CKJ0
C 10.62430000 9.11160000 10.79990000
H 10.97000000 8.75620000 9.96600000
H 11.33440000 9.61710000 11.22640000
Sn 4.81270000 1.02010000 13.06590000
Br 7.41700000 1.05850000 12.80460000
Br 4.24400000 0.78540000 10.51530000








# opt tpsstpss/lanl2dz pop=nboread scf=qc int=grid=ultrafine 
CryptSnl Geometry Optimization (+NBO)
0 1
gn 8.41440000 6.47870000 10.20360000
N 6.33290000 5.08840000 8.63820000
150
c 7.10900000 4.07630000 7.94350000H 7.78020000 4.52060000 7.40270000H 6.51920000 3.59620000 7.34110000
C 7.80710000 3.06300000 8.84630000H 7.15520000 2.45710000 9.23180000H 8.44340000 2.54250000 8.33190000
0 8.49030000 3.78890000 9.89420000
C 9.59180000 3.02490000 10.42470000H 10.33110000 3.01450000 9.79750000H 9.31810000 2.10970000 10.59480000
C 10.00270000 3.70120000 11.71300000H 9.28700000 3.64810000 12.36520000H 10.79100000 3.27300000 12.08230000
0 10.28210000 5.06650000 11.38910000
C 10.99660000 5.75090000 12.44140000H 11.78270000 5.24420000 12.70080000H 10.42800000 5.85820000 13.21960000
C 11.39890000 7.09890000 11.89620000H 12.01240000 7.52360000 12.51610000H 11.86340000 6.97650000 11.05350000N 10.22330000 7.98750000 11.68220000
C 5.22320000 4.47680000 9.43400000H 4.96350000 3.64120000 9.01480000H 4.45740000 5.07000000 9.40620000
C 5.57660000 4.20440000 10.88050000H 4.81930000 3.79470000 11.32750000H 6.32200000 3.58580000 10.92160000
0 5.92700000 5.41970000 11.54890000
C 6.27570000 5.18540000 12.90890000H 7.01510000 4.55870000 12.95870000H 5.52080000 4.80680000 13.38520000C 6.67540000 6.51600000 13.53620000H 6.00780000 7.19120000 13.33690000H 6.73810000 6.42370000 14.49910000
0 7.93610000 6.90380000 13.00130000
C 8.22540000 8.29340000 13.21520000H 7.97860000 8.55420000 14.11660000H 7.72810000 8.84270000 12.58800000C 9.72230000 8.47220000 13.00420000H 9.93740000 9.41400000 13.09070000H 10.19300000 7.99790000 13.70620000C 5.77340000 6.00820000 7.62990000H 5.02610000 5.57310000 7.19020000H 6.44940000 6.18250000 6.95720000C 5.30660000 7.31240000 8.19410000H 4.83330000 7.81560000 7.51260000H 4.69750000 7.15310000 8.93130000
0 6.43640000 8.06140000 8.65280000C 6.04830000 9.14860000 9.47940000H 5.74990000 8.81730000 10.34120000H 5.31530000 9.63210000 9.06910000C 7.21980000 10.05680000 9.66120000
H 7.41700000 10.51730000 8.83020000
H 7.02640000 10.72040000 10.34120000
0 8.35400000 9.24320000 10.06270000
C 9.45160000 10.04070000 10.50540000
H 9.20610000 10.53120000 11.30410000
H 9.69750000 10.67890000 9.81650000
C 10.62430000 9.11160000 10.79990000
H 10.97000000 8.75620000 9.96600000
H 11.33440000 9.61710000 11.22640000
Sn 4.81270000 1.02010000 13.06590000
I 7.52876924 1.06014802 12.79338574
I 4.73894417 -1.65218678 13.61938301
I 4.22097023 0.77589571 10.41201226
I 10.21669255 6.38515751 8.15521250
$






# tpsstpss/lanl2dz pop=nboread scf=tight int=grid=ultrafine
Dicationic CryptSnOTf NBO
0 1
Sn 1.70613200 0.50545300 0.35832600
0 -0.59824300 0.40573200 -0.63158900
0 2.52500800 1.39901100 -2.09391400
0 1.65821100 3.16285300 -0.17440900
0 -0.13959500 1.14264900 1.85153300
0 2.59781800 -0.70951900 2.53120700
0 0.85173200 -1.99570800 0.90409000
N 1.26695800 -1.10150200 -1.93480200
N 2.33203900 2.06550200 2.53344100
C 2.74918700 3.37148400 1.99285200
C 1.20191900 2.21544000 3.48774100
C 3.49413100 1.39200000 3.15493500
C 0.13373200 1.17198500 3.25788600
C -1.47722800 0.75701200 1.49381100
C 3.16711600 0.00472100 3.63012200
C 2.15494100 -2.02381000 2.88031400
C 1.85857900 -2.75195900 1.60306000
C 0.38242000 -2.69939900 -0.26571700
C -0.02528800 -0.78990900 -2.59473500
152
c 2.40549800 -0.85804800 -2.82460700
c 1.27360200 -2.49128300 -1.45014100
c 2.51408900 0.57727600 -3.26524400
c 2.42628400 2.79402400 -2.40104500
c 2.66198300 3.54901800 -1.13092300
c 1.73660000 3.94476000 1.03755400
c -0.62377600 0.49183100 -2.05696200
c -1.63793100 1.09748600 0.04735000
H 3.98837600 -0.44926100 3.94359300
H 2.52476500 0.04452800 4.38059100
H 3.80749000 1.93151100 3.92389700
H 4.23049500 1.34354500 2.49632800
H 1.34082500 -1.97256000 3.44128600
H 2.85818700 -2.49673600 3.38885100
H 2.67657100 -2.82329200 1.05135600
H 1.52946200 -3.66477300 1.79668500
H -0.52915400 -2.38739800 -0.48826300
H 0.33280300 -3.66616800 -0.06418300
H 2.19812100 -2.74333200 -1.20565700
H 0.98061900 -3.08910700 -2.18289400
H 2.31805100 -1.43437500 -3.62469100
H 3.23957300 -1.11432500 -2.35720400
H 3.34570900 0.71216900 -3.78356000
H 1.74450400 0.81639900 -3.84191800
H -0.65867000 -1.53546000 -2.44522400
H 0.11692600 -0.70016800 -3.57026300
H 1.52850700 3.00333000 -2.76074800
H 3.10336700 3.04528500 -3.07834300
H -0.09527500 1.27051900 -2.36282800
H -1.55588100 0.59621900 -2.37765200
H -2.52403200 0.80442500 -0.28320800
H -1.55422600 2.07375900 -0.09114400
H -2.13698100 1.24961600 2.04173400
H -1.60708300 -0.21502000 1.63738700
H 0.44808600 0.28605000 3.56447900
H -0.68536000 1.40562100 3.76165900
H 0.80425100 3.11769400 3.38764400
H 1.54352500 2.13467200 4.41397700
H 3.61420500 3.26692500 1.52337300
H 2.88331200 4.00582900 2.74202200
H 0.84791100 3.96475500 1.47455200
H 1.98705500 4.87559500 0.81238300
H 3.56469800 3.34176800 -0.77676500
H 2.60879400 4.52227600 -1.30102000
S -4.32646900 -2.16421600 -0.89098900
0 -4.91264300 -3.40337800 -0.45477200
0 -5.25815700 -1.11477800 -1.13673500
0 -3.13230700 -1.78627100 -0.18508900
C -3.70785800 -2.56027500 -2.54397200
F -4.68710100 -2.93025800 -3.37059900
F -3.11472200 -1.50094700 -3.12943800
F -2.79401500 -3.52928100 -2.53183200
153
s 5.44270900 0.18345000 -0.40149700
F 6.98905600 -1.72957800 0.51408000
F 7.87787800 0.21915900 0.57301200
F 6.37815900 -0.32230300 2.00035200
0 6.01227500 -0.01282000 -1.69947600
0 4.31713500 -0.66499100 -0.09285500
0 5.29715700 1.55313000 0.02535900
C 6.73399600 -0.44217600 0.72075200
$nbo bndidx $end






# tpsstpss/lanl2dz pop=nboread scf=tight int=grid=ultrafine 
Monocationic SnOTf complex Bond Order
0 1
Sn 0.62909100 -0.75540600 -0.49225800
0 2.32011600 0.48494000 0.92000300
0 0.79469100 -2.45776800 1.43724700
0 -0.89039000 0.16264400 -2.63502000
0 -0.44411600 1.81219100 -0.48256000
0 2.70302400 0.15983600 -1.75611200
0 -1.49011700 -2.35924500 -0.67652400
N -0.17389000 0.06710200 1.95751600
N 1.18170200 -1.67275900 -3.14719500
0 2.00702500 -2.97821400 -0.83385200
C 2.37794100 0.51560700 -3.10104500
C 3.42821300 1.16631500 -1.03469500
C -0.78947800 -0.39313600 -3.94439400
C -1.34998200 1.51667800 -2.65712500
C 1.73908900 -3.03066700 -3.00849200
C -0.12450500 -1.74083700 -3.82725200
C 2.13706200 -0.78008400 -3.84448700
C 2.01496400 -3.90778200 0.05964500
C 2.84765100 -3.08238300 -1.98652700
C 0.10029100 -2.28413300 2.68457900
C 1.73357500 -3.53881900 1.45562100
C 2.30706700 0.13512300 2.30776300
C 3.63934900 0.64438100 0.34441700
C 0.93719400 0.54028200 2.83066700
154
c -0.83317200 -1.12366200 2.53010500
c -1.16583100 1.13794100 1.76154900
c -1.64199400 1.93693200 -1.26634100
c -0.64697700 2.24114300 0.86221400
H -1.29230400 2.99269300 0.86660200
H 0.20888300 2.57842900 1.22593000
H -1.40796000 1.52123000 2.64111400
H -1.98616100 0.75174600 1.36241600
H -1.95502400 2.87579700 -1.25575600
H -2.35546900 1.36735800 -0.88493700
H -2.16831400 1.58635500 -3.21094500
H -0.65575900 2.10312500 -3.04955300
H -0.25353200 0.20053500 -4.52716300
H -1.69019000 -0.49154000 -4.34356200
H -1.58399300 -1.38921700 1.94325100
H -1.20842100 -0.88986100 3.41611300
H 0.74649400 -2.10697000 3.41307800
H -0.40820600 -3.10301200 2.90827600
H 1.35319500 -4.31237200 1.94335500
H 2.56533500 -3.26000200 1.91067400
H 1.19477300 -4.25205500 -0.37259200
H 3.18661000 -4.23300800 0.16649200
H 3.22725700 -3.99783200 -1.98804000
H 3.56518600 -2.46568600 -2.27499800
H 2.08760800 -3.33055000 -3.88515800
H 1.01658100 -3.65211700 -2.73941700
H 2.91050500 2.01085600 -1.00670700
H 4.29780200 1.34392300 -1.47198300
H 4.11289500 -0.22467500 0.31828600
H 4.17540000 1.28178300 0.87938500
H 3.02095300 0.61858600 2.79448000
H 2.44833900 -0.83691000 2.42143100
H 0.81583000 0.16978800 3.73998100
H 0.89502800 1.52710200 2.89923600
H -0.71808100 -2.35184900 -3.32425800
H 0.00196100 -2.11957100 -4.73409200
S -2.90722500 -2.12956600 -0.94336900
0 -3.39740200 -0.91424100 -0.42967700
0 -3.27016500 -2.48482900 -2.27049300
C -3.67093600 -3.39550600 0.10022200
F -3.37737700 -3.26555500 1.39087800
F -3.38818700 -4.61418500 -0.27145000
F -5.00219700 -3.30675400 0.04711800
H 3.12303600 1.01778000 -3.51444400
H 1.56631600 1.08141300 -3.12135700
H 1.78743600 -0.57329300 -4.74710000
H 2.99878900 -1.25408700 -3.95611200
S 4.70450900 4.77972100 0.75923000
0 5.78613200 5.25059000 1.58059500
0 4.98414100 3.59756900 -0.00208400
0 3.99285700 5.81954100 0.06954700
C 3.51106400 4.20361300 2.00221400
F 4.00175100 3.20772700 2.73353100
F 3.12169000 5.17502900 2.83347000
F 2.39503600 3.72988900 1.42195000
0 2.48114500 -2.74840400 -0.63281300
H 2.70468200 -4.61824800 0.03034900
C 2.71662000 -3.37684300 0.33240600
H 3.39112100 -2.69301900 0.56864100
$nbo bnd idx  $end
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